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«^«n«« DUPLICATE 

The present ±n-vention relates to a novel catalyst system, 
a novel caxboaylatioh reaction iwediutn and a pjroceas fox 
the carbonylation of ethylenically unsaturated cottsjounds 
using a novel catalyst system. 



The carbonylation of ethylenically unsaturated eoaflpounda 
using carbon monoxide in the presence of an al«?ohol or 

10 water and a catalyst system coit^jrising a Group VllT metal, 
eg. palladium, and a phosphine ligand eg. an alkyl 
phosphine cycloalkyl phosphine, aryl phosphine, pyridyl 
phosphine or bidentate phosphine, has been described in 
numerous European patents and patent applications, eg. EP- 

15 A-0055875, SP-A-04489472 , BP-A-01C»d3 79 , EP-A-0235864 , EP~ 
A-0274795, EP-A-0499329, EP-A-0386a33, BP-A-0441447. EP-A- 
0489472, EP-A-02a2142, BP-A- 0227 160 , EP-A-0495547 and BP- 
A-D49554S. In particular, EP-A-0227160 , ap-A-0495547 and 
EP-A- 0495548 disclose that bidentate phosphine ligailds 

20 provide catalyst systems which enable higher reaction 
rates to be achieved. 

WO 96/19434 discloses a bridging group in the form of an 
optionally subetituted aryl moiety, linked to the said 

25 phosphorous atoms via available adjacent carbon atoms on 
the said aryl moiety. Such a ligand is more stable and 
leads to reaction rates which are significantly higher 
than those previously disclosed and produces little or no 
impurities for the carbonylation of ethylene. Bach 

30 phosphorous atom in the said ligand is also linked to two 
tertiary carbon atoms. 
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However, convfentional metal -catalyseci areactions/ such as 
those described in wO 9€/19434 tend to suffer frcam the 
drawback that the catalyst tends to de-activate over the 
course of a period o£ continuous operation as the 
5 palladium compound is reduced to palladium metal, this 
contributing to the economic viability of the prooess. WO 
01/10551 addressed this problem via the use of stabilising 
compounds such as polymeric disperaants in the reaction 
medium, thus improving in the recovery of metal vs/h±ch has 
10 been loist from the catalyst system. 

Although catalyst systems have been developed which 
exhibit reasonable stability during the carbonylation 
process and permit relatively high reaction spates to be 
IS achieved, there still exista a need for improved catalyst 
systems. Suitably, the present invention aims to provide 
an iinproved catalyst for carbonylating ethylenically 
imsaturated compounds » 

20 J^Mol.Cat.A 204-205 (2003) pgs 295-303 suggests that a 
relative increase in the ligand concentration, for example 
by the addition of more ligand^ has a detrimental effect 
on productivity. Similar results are reported in 

Cr,Mol,Cat,A-Chetft. 110 {1996) pgs 13-23 and 

35 J.Mol*Cat.A-Chem, 151 (2000) pgs 47-59. 

Moreover, WO-A-01/72697 describes a process for the 
carbonylation of pentenenitrile but teaches that there are 
disadvantaged aseociated at relatively high acid: palladium 
30 ratios. The authors state that the disadvantages occur 
because high acid concentration conditions are corrosive 
and more ligand degradation results from quatemisation 
with the acid and the olef inic compound. 
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WO-A-0l/685a3 diacloses a process for the carfaonylation of 
ethylenically unsaturated compQunds using phoephine-baeed 
bidentahe ligands. However, this disclosure is directed 
5 tawai^ds the u^e of relatively low acid levels, leading to 
low acidiligand values. Moreover, the ligand-.metal :i?atios 
are low* WO-A-a3/0401S9 Bimilarly discloses low 

acidjlig^nd and ligands metal ratios. 

10 wo-A-9a/4504a discloses <?atalyst systems cotnprisinsr 
palladium compound and bidentate phosphorus ligands* 
However, acid:ligand ratios of less than 1:1 are taught - 

Finally, WO-A-oi/72697 discloses a process for the 
15 preparation p£ a 5-cyanovaleric acid by carbonylation of a 
pentenenitrils- The disclosure points out the 

disadvantages in using high acid concentrations and 
teaches towards the use of relatively low acid levels. 

ao lience^ an aim of tlie present invention is to seek to 
establish a catalyst system wherein the levels of ligand 
and acid are relatively high, but wherein the 
disadvantages of the prior art noted hereinbefore are 
addressed and alleviated, at least to some extent, the 

2S aforesaid being one object of the present invention. 

According to the present invention there is provided a 
catalyst system, a process for the carbonylation of an 
ethylenically unsaturated compound, a reaction mediumi and 
3 0 use as set forth in the appended claims. 

Preferred features of the invention will be apparent from 
the dependent claims, and the description which follows - 
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According to a first aspect, th« pjrepent invention 
provides a catalyst system capable of catalysing the 
earbonylation of an ethylenically unsaturated eompoimd, 
5 which system is obtainable by combining: 

a) a metal of Group VIB or Group VIIIB or a coii^ound 
thereof, 

h) a bidentate phosphine. ar-aine, or stibine ligand# 
10 preferably a bidentate phosphine ligand, and 
c) an acid, 

wherein said ligand is present in at least a 2:1 molar 
excess compared to said metal or said metal in said metal 
15 confound, and that said acid is present in at least a 2;l 
molar excess compared to said ligand. 

Typically, component b) is a bidentate phosphine, arsine, 
or stibine. 

20 

Suitably, all of components a) to c) of the catalyst 
system can be added in sit:u to the reaction vessel wherein 
the carbonylation i© to take place. Alternatively, the 
component^ a) to c) can be added siequentially in any order 

25 to form the catalyst system, or in some speeifiad order, 
either directly into the vessel or outside the vessel and 
then added to the vessel* For instance, the acid 
component c) may first he added to the bidentate ligand 
component b) , to form a protonated ligand, and then the 

30 protonated ligand can be added to the metal or compound 
thereof (component a) ) to form the catalyst: system- 
Alt ernativ^ly, the ligand component b) and metal or 
compound thereof (conponent a) ) can be mixed to form a 
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chelated metal compound, and the acid (component c) ) is 
then added. Alternatively f any two components can be 
reacted together to form an intermediate moiety which is 
then, either added to the reaction vessel and the third 
5 component added, or is first reacted with the third 
component and then added to the reaction vessel. 

As such, the present invention is directed to a catalyst 
syetetn wherein the relative molar concentrations of both 
the bidentate ligand and the acid are at levels in excess 
of those previously epvisaged, leading to surprising and 
unexpected advantages when using the catalyst system in 
the carbonylation of ethylenically unsaturated compounds, 
and the alleviation or at lea&t reduction of at least some 
of the disadvantages of the prior art systems. In 
particular, the use of a catalyst system of the present 
invention leads at least to a more stable systemr 
increased reaction rates, and improved turnover numbers in 
carbonylation reactions of ethylenically unsaturated 
compounds . 

As stated above, the ligand is present in the catalyst 
system, or precursor thereto^ in such qiiaxLtity that the 
ratio of said ligand to the said metal (i..e. component b) 
25 to component a)) is at least a 2:1 molar ratio a 
E>referably, the ratio of said ligand to the said metal is 
greater than a 2:1 molar ratiO/ more p3:e£erably in the 
range 2:1 to 1000:1, even more preferably in the range 
2.5:1 to 1000:1, yet it:iore preferably in the range 3:1 to 
30 1000:1, even more preferably in the range 5:1 to 750 : 1 , 
still more preferably in the range 10 si to 500 ;l, yet 
still more preferably in the range 20:1 to 400:1, even 
more preferably in the range 50:1 to 250:1, most 



10 



15 



20 
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preferably in the range in excess of 50 si, for example 
Sill and upwards, more specif ieally 51 rl to 250:1 or even 
to 1000 si. Alternatively, the said ratio can be in the 
range 15:1 to 45:1, preferably 20 si to 40^1, more 
5 preferably 25:1 to 35^1 , 



Ae stated above, the acid is present in the catalyst 
&yBt,&cii or precursor thereto, in such quantity that the 
ratio of eaid acid to the said ligand (i.e. coTiqponent c) 

10 to coitjponent b) ) is at least a 2:1 molar ratio, 
preferably, the ratio of said acid to the said ligand is 
greater than a 3;1 molar ratio,, wore preferably in the 
range 2 si to lOQji, even more preferably in the range 4:1 
to 100 :lj yet more preferably in the range 5:1 to 95:1, 

15 still more preferably in the range greater than 5tl to 
95:1| yet more preferably in the range greater than 5:1 to 
75 1 1, more preferably in the raxjge 10:1 to 50sl^ even more 
preferably in the range 20 ;1 to 40:1, still more 
preferably in the range greater than 20:1 to 40:1 (e.g. 

20 25:1 to 40:1, or 25:1 to less than 30tl), most preferably 
in excess of 30:1, suitably with any of the upper limits 
provided hereinbefore (e.g- 30:1 to 40:1). 

By «acid", we mean an acid or salt thereof ^ and references 
iSiS to acid should be construed accordingly^ 

Hie advantages in working within the ligand to metal, and 
acid to ligand ratios, set out above are manifest in that 
the stability of the catalyst system is improved, as 
30 evidenced by increases in the turnover number (TOM) of the 
metal. By improving the stability of the catalyst system, 
the usage of metal in the carbonylation reaction scheme is 
kept to a minimum. 
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WitJiout wishing to be bound by theory, it ia believed tlwt 
by working within the specific ratio r^ges noted herein, 
it i6 surprisingly found that the ligand coi^ponent of the 
5 catalyst syDtera i^ protected against inadvertent aerial 
oxidation (in instanceB where there is any ingress of air 
into the reaction system) , and the overall stability of 
the catalyst system is improved, thus keeping the xieage of 
the metal component of the catalyst syetem to a minimum. 
10 Moreover, the forward reaction rate o£ the reaction is 
surprisingly improved. 

In effect, the level of acid should be such that for the 
particular bidentate ligand employed, the level of acid 
should be such Chat phosphine, arsine or stiblne is fully 

15 protonated. Hence, to show the improved effects, the 
level of ligand should be above some minimum level, as 
given by the ligands metal molar ratio, and the level of 
acid should be above some minimum level with respect to 
the level of ligand present to encourage protonation, as 

20 given by the acids ligand molar ratio. 

Preferably, the acid is present in the catalyst system, or 
precursor thereto, in such quantity that the molar ratio 
of said acid to said metal (i.e. component c) to component 
a)) is at least 4:1, more preferably from 4:1 to 100000;!, 

25 even more preferably 10 si to 75000:1, yet more preferably 
20 «l to 50000:1, yet still more preferably 25:1 to 
50000:1, yet still more preferably 30:1 to 50000 si, yet 
even more preferably 40 ;1 to 40000:1, still more 
preferably 100:1 to 2SOOO;1, yet still more preferably 

30 200:1 to 25000:1, most preferably 550 il to 20000:1, or 
greater than 2000:1 to 20000:1. Alternatively, the said 
ratio can be in the range 125:1 to 485:1, more preferably 
150:1 to 450:1, even more preferably 175 si to 425:1, yet 
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even more preferably 200:1 to 400 il, toast: preferably 225:1 
to 375:1. 

For the aroidimce of any doubt, all of the afowmentiQiied 
5 ratios aiwi ratio ranges apply to all of the Ugand 
emboditnenta set out in more detail hereinafter, 

in one embodiment of the present ittvention. the bidentate 
phosphine ligand is of general fortnala (I) 



10 



R 



.3 



(1) 

wherein: 

Ar ia a bridging groi:«» con«>risina an optionally 
15 substituted aryl moiety to which the phosphorus atoms are 
linked on available adjacent carbon atoms? 



A and B each independently represent lower alkylene? 

20 K. D, E and Z are substituents of the aryl moiety Hvc) and 
each independently represent hydrogen, lower allcyl, aryl, 
Het, halo, cyano, nitro, OR", OC(0)R=°, C(0)R^^, C(0)Or", 
Hr"r=»\ C(0)JSn8?5R*«, ^(gj^asgafi^ ^ C(0)SR", or -J- 

q' (CR*^ (R") (R") CR*-^ {R*') (R**) where J represents lower 

25 alkyleney or two adjacent groups selected from K, 2, D and 
B together with the carbon atoms of the aryl ring to which 
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they are abtached forro a further phenyl ring, which is 
optionally substituted toy one or more eubstituents 
selected from hydrogen, lower alkyl, halo, cyano, nitrOr 
oR^^ oc(o)R=% c (o) R^S c (o) or", NR^^R^S C (O) wr^^r'^S 
c{s)r2^r^S se" or c(0)sr"? 

r" to R^^ each independently represent lower alfcyl, aryl, 
or Hetj 

R^^ to R^"^ each independently represent hydrogen, lower 
alkyli aryl or Het; 

R^ to R^^ each independently represent lower alkyl, aryl, 
or Het J 

Q^, Q= and (when present) each independently represent 
15 phosphorous, arsenic Or antimony and in the latter two 
caees x-eferfincea to phosphine or phosphorous above are 
amended accordingly, with preferably both and 
representing phosphorus, more preferably all of Q^, 0^ and 
(when present) aeepi^afienting phosphorus - 

20 

The bidentate phosphines of the invention should be 
capable of bidentate coordination to the preferred 
palladium atom. 

25 Preferably, when K, B or Z represent -"J- 

Q^(CR^^{R^*) (R^^) )CR^^{R^') {r") , the respective B or Z 

ie on the azyl carbon adjacent the aryl carbon to which A 
or B is connected ar, if not so adjacent, is adjacent a 
remaining D, B or 3 group which itself represents -J- 

30 (CR^^ (R") (R^^) ) CR" {R^'^) (R**) , 

Specific but non-limiting examples of bidentate ligands 
within this eii±>odiment include the following: l,2-bis-{di- 
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tert-butylphosphinomethyl) benzene, (di-text- 
pentylpliosphinoroethyDbensaene, 1, 2-l3lB- (di-tert- 

butylphoephinomethyl) naphthalene - Nevertheless , the 

skilled pexBCpn in the art would appreciate that other 
5 bidentate li^ands cian ba envisaged without departing from 
the scope of the invention. 

The tsrm *Ar'' or ^aryl" when used herein, includes five- 
to-ten-msmbared, preferably^ six-to-ten membered 

10 cax-bocyclie arotnatlG groups such as phenyl and naphthyl^ 
which groups are optionally Substituted With, in addition 
to K, E or 2, one or wore substituents selected from 
aryl^ lower alkyl (which alkyl group may itself be 
optionally substituted or terminated as defined below) , 

15 Het, halo, cyano, nitro. Or", 0C(0)R^^, C(0)R^^, G(0)0R^=, 
NR^R^*, C(0)1SJR^^R^*, SR^"^, CtOSR^"^ or C{S)NR*^R^^ wherein R" 
to R^'' each independently represent hydrogen, aryl or 
lower alkyl {which alkyl group may itself be optionally 
substituted or terminated as defined below) . Furthermore, 

SO the aryl moiety may be a fused polycyclic group , e.g. 
naphthalene, biphenylene or indens. 

By the term "a metal of Oroup VIB or Group VI I IB'' in a 
compound of formula 1 we include metals such as Cr, Mo, W, 

as Fe, Co, 3KFi, Ru, Rh, Oa, Tr, Pt and Pd. Preferably, the 
metals are selected from Ni, Pt and Pd- More preferably, 
the metal is Pd, For the avoidance of doubt, references 
to Group VIB or VIIXB metals herein should be taken to 
include Groups S, 8, 9 and 10 in the modem periodic table 

3 0 nomenclature . 

The term ^^Het", when used herein, includes four- to- twelve - 
membered, preferably four-to-ten-menibered ring systems. 
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which rings contain one or more heteirpatonia selected from 
nitrogen, oxygen, aulphur and mixtures thereof, and which 
rincffi may contain one or more double bondg or be non- 
aromatic, partly aromatic or wholly arotoatic in character. 
5 The ring systems may be monocyclic, bicyclic oi: fuped. 
Bach *^Het" group identified herein is optionally 
substituted by one or more substituentB selected from 
halo, cyano, nitro, oxa, lower alkyl (which alkyl group 
may itself be optionally substituted or terminat:ed as 

10 defined below) OR^^, OG{0)R^^, C(Q)R^^, C(0)OR=^^, NR^^R^**, 
C(0)NR«Sr=^«, SR^^"^, CCOSR^"^ or C(S)NR=^R=« wherein R*^ to 
each independently represent hydrogen, aryl or lower alkyl 
{which alkyl group itself may be optionally substituted or 
terminated as defined below) . The term ^^Het" thus includes 

15 groups Buah as optionally substituted azetidinyl/ 
pyrrolidinyl, imidazolyl^ indolyl, furanyl, oxazolyl^ 
isoxaaolyl , oxadiazolyl , thiazolyl , thiadiazolyl , 
triazolyl, oxatriazolyl, thiatriazolyl ^ pyridazinyl, 
raorphol inyl , pyr imidinyl / pyrazinyl , quinolinyl / 

20 isoquinolinyl, piperidinyl, pyrazolyl and piperasinyl.. 
Substitution at Het may be at a carbon atom of the Het 
ring or/ where appropriate, at one or more of the 
heteroatoms • 

as «Het" groups may also be in the form of an N oxide • 

The t:e27m. ^*lower alkyX'^ when used herein, means Ci to Cio 
alkyl and includes methyl, ethyl, propyl, butyl, pentyl^ 
hexyl and heptyl groups. Unless otherwise specified, alkyl 
30 groups may, when there is a sufficient number of carbon 
atoms, be linear or branched, be saturated or unsaturated, 
be cyclic, acyclic or part cyclid/acyelic, and/ or be 
substituted or terminated by one or more suhstituents 
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.elected eron. ^alo. cyan., nitro. OR-. OC(0)^-, C{0)B , 

.ryl or Het, wherein to r" each independently 

represent nydragen, aryl or lower alkyl, and/or be 
5 interrupted by one or mere oxygen or sulphur at™, or by 
silano or dialkylsiloon groups. 

Lower alkyl groups or alkyl groups wliioh R\ R^ 

R^ R^ b^". 1^"^ ^ ' 

10 R", R*S R", R''' °' ^ ^ 

represent and with which aryl and Het tnay be substituted, 
may, when there is a sufficient number of carbon atoms, be 
linear or branched, be saturated or unsaturated, be 
cyclic, acyclic or part cyclic/acyclic, and/or be 

IS interrupted by one or more of oxygen or sulphur atoms, or 
by silano or dialkyl silicon groups, and/or be substituted 
by one or more substituents selected from halo, cyano. 
nitro, OR". OCCO)R*°. c^o)R-\ c<o)or«, nr«r«S c(o)wr-R=% 
SR.". C(0)SR=', C(S)HR=»hi.", aryl or Het wherein r" to r" 

20 each independently represent hydrogen, aryl or lower 
alkyl. 

Similarly, the terra 'lower alkylene'- which A, B and J 
(when present) represent in a compound o£ formula I, when 
25 used herein, includes Ci to Cxo groups which are bonded to 
other moietie© at leaat at two places on the group and is 
otherwise defined in the same way as 'lower alkyl". 

Halo groups with which the above-mentioned groups may be 
30 substituted or terminated include fluoro, chloro, bromo 
and iodo. 
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Where a crcmipound o£ a formula heresin contains an all^enyl 
group, cis (E) and trans <Z) isomerism may also occur. The 
present invention includes the individual stereoisomers of 

the compounds of any of the formulas defined herein and, 
5 where appropriate, the Individual tautomeric forms 

thereof, together with mixtures thereof- Separation of 

diastereoisomers or cis and trans isomers may be achieved 

by conventional techniques ^ fractional 
crystallisation^ chromatography or H.P.Lj.c. of a 
10 Qtereoisomeric mixture of a compound one of the fonnulas 

or a suitable aalt or derivative thereof* An individual 
enantiomer of a compound of one of the formulas m^y ^Ifeo 

be prepared from a corresponding optically pure 
intermediate or by resolution^ such as by H.P.L.C. of the 
15 corresponding racemate using a suitable ohiral support or 

by fractional crystallisation of the diastereoisomeric 
salts formed by reaction of the corresponding racemate 

with a suitable optically active acid or base^ as 
appropr i ate . 

20 

All stereoisomers are included within the scope of the 
process of the invention. 

It will be appreciated by those skilled in the art that 
^5 the compounds of formula I may function as ligands that 
coordinate with the Group VIB or Group ViriB metal or 
compound thereof ia the formation of the catalyst system 
of the invention. Typically, the Group vlB or Group VIIIB 
metal or compound thereof coordinates to the one or more 
30 phosphorous^ arsenic and/or antimony atoms of the compound 
o£ formula 1 . 
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preferably, to R" each independently represent lower 
alkyl or aryl. More preferably, to r" each 

independently r^prssent Cx to C. alkyl, Cx-C. alkyl phenyl 
(wherein the phenyl group is optionally substituted as 

5 defined herein) or phenyl (wherein the phenyl gwup ie 
optionally substituted as defined herein). Bfven more 
preferably, to each independently represent C^ to 
alkyl, which is optionally substituted as defined herein. 
Most preferably. to r" each represent non- substituted 

10 Ci to Cfi allcyl such as methyl, ethyl, n-propyl, iao-propyl, 
n-butyl, iso-butyl. tert -butyl, pentyl, heasyl and 
cyclohescyl . 

AlteHiaTivelyT'or additionally, each pf -the- groups to 

15 R^ R* to R' to R" to R", tO R" OS R" to R" 

together independently may form cyclic structures such aa 
l-norbOEZiyl or l~norbornadienyl » Further examples of 
composite groups include cyclic structures formed between 
r^-r". Alternatively, one or more of the groups may 

20 represent a solid phase to which the ligand is attached. 

In a particularly preferred embodiment of the present 
invention r\ r\ R', R", R" and r" each represent the 
same lower alkyl, aryl or Hat moiety as defined herein, 

25 R*, R^, R', R", R*"* ^'■^ each represent the same lower 

alkyl, aryl or net moiety as defined herein, and R , R , 
R*, r", r" and R*' each represent the eame lower alfcyl, 
aryl or Het moiety as defined herein. More preferably R"-- 
R*, R"*^ R=^", a" and r" each represent the same Ci-Cs alkyl, 

30 particularly non-substituted Ci-Cc alkyl, such as methyl, 
ethyl, n-pax»pyl, iso-propyl. n-butyl. iso-butyl, tert- 
butyl, pentyl, hexyl or cyclohescyl ; R*, R^, R^. R", ^"d 
r" each independently represent the same Ci-Ca alkyl as 
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■ defined above; and R^ R^ R^ R^, and r" each 

independently arepresent the same Ci-Cg alkyl as defined 
above. For exaniple: R\ R\ R^ R". and each 

represent methyl; R^ R^ R^ R", R'* and R^' each represent 
5 ethyl; and, R^ R\ R'. R"^/ R" and each represent n- 
butyl or n-p$ntyl* 

In an especially preferred embodiment of the preeent 
invention each R^ to R^^ group represents the same lower 

10 alkyl, aryl, or Het moiety as defined herein. Preferably, 
each to R^^ represents the same C^. to alkyl group, 
particularly non-substituted Ci-C^ alkyl, such as methyl, 
ethyl/ n-propyl,. ido-- propyl, n-butyl, ido-butyl, terc- 
butyl, pentyl, he;?cyl and cyclohexyl. Most preferably, each 

15 to R"^^ represents methyl - 

In the compound of formxila I, preferably each Q^, and 
(when present) are the same>, Most preferably, each Q^, 
and (when present) represents phosphorous. 

20 

Preferably, in the compound of formula I, A, B and (whan 
present) each independently represent Ci to Ce alkylene 
which is optionally substituted as defined herein, for 
example with lower alkyl groups. Preferably, the lower 

25 alkylene groups which A, B and O" (when present:) represent 
are ncn- substituted. A particular preferred lower alkylene 
which Ay B and J may independently represent is -CHa- or - 
Most preferably, each of A, B and J (when present) 
represent the same lower alkylene as defined herein^ 

30 paactioularly -CHg-- 

Preferably, in the compound of formula I when K, B or Z 
does not represent -J-Q^ (GR^^ (R^^) <r") ) ca" (R^^) (R^^) , K, D, 
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H or S represents hydrogen, lower alkyl^ phenyl or lower 
alkylphenyl , More preferably, D, E or 2 represent 

hydrogen, pheiiyl, Ci-C^ alkylphenyl or Cx-Cg alkyl, such as 
methyl , ethyl , propyl , butyl , pentyl and hexyl - Most 
5 preferably, D, E or Z represents hydrogen. 



Preferably, in the compovind of formula I when D, E and 
Z together with the carbon atonii& of the aryl ring to which 
they are attached do not form a phenyl ring, K, D, E and Z 

10 each independently represent hydrocfen, lower alkyl, phenyl 
or lower alkylphenyl . More preferably, K, D, 5 and Z each 
independently represent hydrogen p phenyl, Ci-Cg 
alkylphenyl or C^-C^ alkyl, such as methyl, ethyl, propyl, 
butyl, pentyl and hexyl* Even more preferably, K, D, E and 

15 2 represent the same substituent* Host preferably, they 
represent hydrogen.. 

Preferably, in the compound of formula I when E or Z 

does not represent -J-Q^ (CR^ (R^^) (R^=) ) CR^^ (R^'^) (r*«) and K, 

20 E and Z together with the carbon atoms of the aryl ring 

to which they are attached do not form a phenyl ring, each 
of K, D, E and Z represent the same group selected from 
hydrogen, lower alJcyl, aryl, or Het as defined herein; 
particularly hydrogen or d-Ce alkyl (more particularly 

25 unaubstituted Cx-Cg alkyl) , especially hydrogen. 

Preferably, in the compound of formula I when two of K, D, 
B and Z together with the carbon atoms of the aryl ring to 
which they are attached form a phenyl ring, then the 
10 phenyl ring is optionally substituted with one or more 
substituents selected txon aryl, lower alkyl {which alkyl 
group may Itself be optionally substituted or nermlnated 
as defined below) , Het, halo, cyano, nitro, 0R^% OC(0)R=^^, 
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C{0)r21, C(0)OR^^ WR^^R^S C{0)NR^^R=S SR^^, C(0)SR" Or 
CCS)NR^^R^^ wlierein R^^ to r" each independently represent 
hy*cogen or lower alkyl (whicJi alkyl group TR^y itself be 
optionally substituted or terminated as defined herein) • 
5 More preferably, the phenyl ring isi x^pt siobstituted by any 
siibstituents i.e. it bears hydrogen atoms only- 
Preferred compounde of formula I include tho^e wherein: 

10 A and B each independently represent unsubstituted Ci to 
Cfi a.lkylene; 

Z and E_ eaeh^ independently represent hydrogen, Cx-Cg 
alkyl, phenyl, Ci-C^ alkylphenyl or -J- 

15 (CR^^ (R^^) (R^®> ) gr" {R^"') (r") where J represents 

un^ubstituted Ci to alkylene? or two of K, D, Z and E 
together with the carbon atoms of the aryl ring to which 
they are attached form a phenyl ring which is optionally 
substituted by one or more substituents selected from 

20 lower alkyl, phenyl or lower alkylphenyl. 

R^ to R^^ eaoh independently represent d to Cg alkyl ^ 
phenyl or d to Cs alkylphenyl - 

25 Further preferred confounds of foacmula I include those 
wherein : 

A and B both represent -CH2- or C2H4, particularly CHa; 

30 Z and E each independently represent hydrogen, Gi-Cc 

alkyl phenyl or Ci-Ce alkyl or -J- 

q3(GR^^(R^^) <R^^) )CR^^(R^'^) (r") Where J is the same as A; or 
two of D, B and 2 together with tlae carbon atoms of the 
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aryl ring to which they ax-e attached form an unsubstituted 
phenyl ring; 

to R^^ each independently represent Gx to Cg alkyl; 

5 

Still further preferred coTtrpound© of formula I include 
those wherein s 

to R^^ are the same and each represents Ci to alkyl i 
3.0 pairticularly methyl - 

Still further preferred compounds of formula 1 include 
thoee wherein: 

15 K, D, Z and B are each independently ©elected from the 
Sronp consisting of hydrogen or Ci to alkyl, 
particularly where each of K, D, Z and E represent the 
same group, especially where each of K, D, Z and E 
represent hydrogen; or 

20 

K represents -CHa-Q* (Cr" (r") (R") ) CR" (R") (R^^) and Z 
and B are each independently selected from the group 
consisting- of hydrogen or Ci to Cs alkyl, particularly 
where both D and B represent the eame group ^ especially 
as where D. Z and E represent hydrogen* 

Bspeclally preferred apecifio compounds of formula I 
include those wherein: 

30 each to r" is the same and represents methyl ; 
A and B are the same and represent -CH^-? 
K, z and E are the same and represent hydrogen - 
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in a snill further embodiment, at least one (CR^rS^R^) group 
attached to and/or Q^ i.e. CRW, CR^R^RS CR^R^R^ or 
CR^^R^^R^^. way instead be represented by the group (Ad) 
wherein.: 

5 

Ad each independently represent an optionally substituted 
adamantyl or congressyl radical bonded to the phosphorous 
atom via any one of its tertiary carbon atoms, the said 
optional substitutioiz being by one or more substituents 

10 aelec:ted from hydrogen, lower alkyl, halo, cy^no, nitro, 
OR^^ OC(0)R*\ C{0)R^\ C(0)OR", HR"R=*. C{0)NR=*^ R=S 
C{S)R^^R^S SR" or C{0)SR='; or if both (CSt'^R^R*) groups 
attached to either or both and/or Q^, or (if present) 
"together witii either"~Q^~^or" q"^ (or r"^s~a^rbpr iate , form 

15 an optionally substituted 2-phofipha- 

tr icyclo i:3*3.l,l{3,7}] decyl group or derivative thereof , 
or form a ring system of formula 



wherein 

R*^, and R®*, each independently represent hydrogen, lower 
alkyl or aryl; 




R51 RS2 



25 to R^^, when, present, each independently represent 

hydragen, lower alkyl, aryl or Het; and 

Y TCpresents oxygen, aulfur or lU-R^^/ and R^®^ when 
present, represents hydrogen^ lower alkyl or aryl. 
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3S 



In this enrtjodiment, formula I may be represented ab: 

(Ad) a (CR'r'R*) tQ^" -a- (K, D) Ar <E , Z> -B-Q^ (Ad) u (CS^R^») v 

Wherein Ar, A, B, K, D, B and 2, qS Q^ and Q^ «id to 
r" are as defined hereinbefore except that K, D, E and Z 
may represent -J-Q^ (Ad)„(CR" (r") « instead of -J- 
Qa(CR"(R**) (r")^CR"(r") (R") and Ad is as defined above, 

S&U = 0, lor2 provided that S + U = 1 ; 
T&v=o, lor2 provided that T + V s 3; 



In addition to the preferred embodiments for R^ to r", q"^ 
to Q*, A, B. J (when present) , K, E or z, R^' to r". 
noted hereinbefore, all of which equally apply to the 
present embodiment where at least one (Ad) group is 
present, the following also applies. 

Further preferred eotftpotmds of fomuila I include those 
wherein t 

A and B both represent -GHa- or -CaH4-, particularly -CH3- ; 



D, Z and B each independently repr.esent hydrogen, Ci-Cb 
alkyl phenyl or Cx-C^ alkyl or -J'QMAd)„(CR*MR**) (R") ) k 
where J is the same as A; or two of K, D, B and Z together 
with the carbon etoma of the aryl ring to whicsh they are 
30 attached form an unsubstituted phenyl ring; 

to R', to R*. and R** to R" (when present) each 

independently represent to Cg alkyl, and the total 
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number of (Ad) groups attached to and is a 3, i,e* $ 
+ U 3, and W and X » 0, 1 or 2» 

still further preferred cornpounds of formula I include 
5 those wherein? 



to R^, r"^ to R^ and to R^^ (when present) are the 
same and each represents Ci to Ce alkyl, particularly 
methyl, and the total number of (Ad) groups attached to 
10 and Q^isas3|i.e,S + Ua3- 

Still further preferred compounds of formula I include 
those wherein; 

IS K, D, z and E are each independently selected from the 
group consisting of hydrogen or Ci to Cs alkyl, 
particularly where each of K, D, Z and E represent the 
same group, eape<:?ially where each of K, D, Z and B 
represent hydrogen; or 

20 

K represents -CHa-Q3(Ad)„(CR"(R^*) (r^^),, and D, Z and E are 
each independently ©elected from the group consisting of 
hydrogen or Ci to alkyl, particularly where both D and 
B represent the same group, especially where Z and E 
2B represent hydrogen, wherein W and X = 0, 1 or 2. 

Especially preferred specific compounds of formula I 
include those wherein s 

30 each R^ to R^, and r' to R^ is the same and represents 
methyl or the total number o£ (Ad) groups attached to 
and is 2, i.e. S 4* U » 2; 
A and B are the same and represent --CB^--! 
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K, D,. z and E are the same and represent hydrogen* 

B&j>ecially prefer-red specific compounds of formula I 
include those wherein Ad is joined to Qi or Q2 at the same 
S position in each case. Preferably S 1 and U 1, more 
preferably, S = 2 and U a 1 or vice verssk, most preferably 
S fii U « 2, wherein S is the number of (Ad) group© attached 
to and U is the number of (Ad) groups attached to Q*. 

10 specific but non- limiting examples of bidentate ligands 
within this embodiment include the followings 1,2 
bis (diadamantylphosphinomethyl>ben!s:ene, 1^2 bis (di-3/5- 
dimet hyladaraant ylphosphinome thy 1 ) benzene / 1,2 bis ( di - 5 - 
tert -butyladamant aylphosphinomethyl ) benzene , 1,2 bis { 1 - 

15 adamantyl tart - butyl -phosphinome thy 1) benzene , 1,2 bis(di- 

1 - diamantanephosphinome thy 1} benzene, 1- 
[ (diadamantylphosphinomethyl) -2- (di-tert- 

butylphosphinome thyl) ] benzene , 1 - (di - tert - 

buty Iphoephinome thyl > - 2 - 
20 (dieongressylphosphinomethyl) benzene, 1- (di-tert- 

butylphosphinomethyl) -2- (phospha- 

adaraantylphosphinome thyl) benzene , 1 - 

(diadamantylphofiphinomethyl) - 2- (phospha- 

adamantylpho^phlnomethyl) ben^sene^ 1- (tert -butyl adamantyl) - 
25 2- (di -adamantyl) -- (phasphinome thyl) benzene and 1- I {F- 
(2^2f6f6, -tetra-methylpho3phinan-4-one) phoaphinomethyl) ] - 

2- (phospha-adamantylphosphinomethyl) benzene . 
Nevertheless, the skilled persion in the art would 
appreciate that other bidentate ligands can be envisaged 

30 without departing from the scope of the invention, 

In a yet further embodiment, the bidentate phosphine 
ligend is of general formula (HI) , 
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Oil) 

5 

Ai and and A3, A* and A5 (when present) , <sach 

independently represent lower alkylane; 

K*- is selected from the group consisting of hydrogen, 
10 lower alkyl, aryl, Het, halo, cyano, ^itro, -OR^^, 

OC(0)r", -C(0)R*^, -C(0)0R", -N(R=^)R", -C(0)N(R=^)R=^ - 
C(S)(R=^)R=^ -^SR=^ -C^O)SR^^ "CPs or -A3-Q'(X^)xS- 

is selected from the group consisting of hydrogen, 
15 lower alkyl, aryl^ Het^ halo, eyano, nitro, -OR", 

OC(0)R^^, -C{0}R^^r -C{0)OR^^, -N(R^^)R^^, -G (O) N (R^^) R^^, - 
C(S) (r")R^% -SR^^, -C(0)SR^^, -GP3 or -A4-Q^<X'')X^; 

is selected from the group consisting of hydrogen, 
20 lower alkyl, aryl, Het, halo, cyano, nitro^ -Or'*'^, 

□□(OR"^", -G(0)R'^*, -C(0)OR2^ -N(R=3)r2\ -C(0) N{r2^)R^S - 
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or both and together with the carbon atoms of the 
cyclopentadienyl ring to which they are attached form an 
oprionally substituted phenyl ring: 

B represents CR^ (:^^) (R^) , congressyl or adamantyl, 

refjresexits CR* CR^) (R^) , congressyl or adamantyl, or and 
together with to which they are attached form an 
optionally substituted 2-phospha- 

tricyclo [3-3*l»l{3,7}] d^cyl gxoup or derivative thereof , 

10 or and together with to which they are attached 
foarm a ring system of formula 1 1 la 



15 



20 



-RS3 
R81 RS2 

(Ilia) 

X^* represents CH'' IR") (R*) , con9ressyl oir adamantyl , X* 
represents CR"(a") (R**) , congressyl or adamantyl, or 
and X* together with to which they axe attached form an 
optionally substituted 2-jjhospha- 

tricyclo[3.3.l.i{3,7}]decyl group or derivative thareof, 
or x' and X* together with to which they are attached 
form a ring system of fomajla Illb 

H 




R61 R82 

(lllb) 

represents CR" <r"} (R**) , congressyl or adamantyl, 

represents CR^^ (R*') {r»«) , congressyl or adamantyl . or 
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and together with tp which they are attached form an 
optional ly substituted 2 -phospha- 

tricyclo [3 . 3 . 1 . 1 { 3 p 7 } 1 decyl group or derivative thereof , 
or and X^ together with to which they are attached 
form a ring system of formula I lie 




X'' represents CR^^ (R^^) (R^^) , con^resayl or adainantyl, X* 
represents CK^* {R^*) {R^*} ^ ocng^r^^syl or adaraantyl, or IsP 



and X* together with"Q*~to wiTich tliey are attached form an 
optionally substituted 2-phoi3pha- 

tricyclo|:3,3 .l.l{3,7}]decyl group or derivative thereof, 
or and X^ together with Q* to which they are attached 
form a ring system of formula Illd 



(Illd) 



IS represents CR^'(R^'') (R^^) , congresayl or adamantyl. 



39^ 



rlO 



represents CR*^ (R^'^) (R'*^) , congressyl or adamantyl , or X^ 
and x^*^ together with to which they are attached form an 
optionally substituted 2-phospha- 

tricyclo t3.3.1-l. {3,7}Idecyl group or derivative thereof, 
or x^ and together with to which they are attached 
form, a ring system of formula Ills 
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R52 

(llle) 



ID 



15 



20 



and in this yet further embodiment , 

and , and Q^^ Q* and {when present) j each 



M represents a Group VIB or VTIIB m^tal or metal cation 
thereof ; 

Li represents an optionally substicuted oyclop^ntadienyl , 
indenyl oa? aryl group f 

Ls represents one or more iigands each of which are 
independently selected from hydrogen, low&r alkyl/ 
alkylaryl, halOr CO^ P(ii*^) tR'*^)K*^ or W(R*^) (R^^'jR^S- 

to and R^^ to R*^, when present, each independently 
represent hydrogen, lower alkyl, aryl, halo or Het? 

R^^ to Si^^ and K.^^ to R^^, when present, each independently 
represent hydrogen, lower alkyl, aryl or Het; 

R*^, R^* and R^^, when present^ each independently represent 
hydrogen, lower alkyl or aryl; 

R^^ to R^^f when present, each independently represent 
hydrogen, lower alkyl, aryl or Het; 



independently represent phosphorus, arsenic or antimony / 
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Y^, y^, Y^, And when present,, eacli ' independently 

represent oxygen, sulfur or N-R^^f 

n K 0 or If ^ 

5 

and m s 0 to 5; 

provided that when n - 1 then m equals O, and when n 
equals o then m does not equa.1 0 - 

10 

Pareferably in a compound of foinnula III -when both 
represents -A3-Q'(X^)X^ and represents ---Ab-Q^ (X^) x", then 
represents -A^-Q* (x'l X* . 

15 Preferably, in this embodiment, to R^^ and R^^ to R*^, 
when present^ each independently represent hydrogen, 
optionally substituted Ci to Ci? alkyl, Ci-Ce s3-kyl phenyl 
(wherein the phenyl group is optionally substituted as 
defined herein), tri£luoromethyl or phenyl {wherein the 

20 phenyl group is optionally substituted as defined herein) • 
Even more preferably, to R^^ and R^^ to R*^, when 

present, each independently represent hydrogen, Ci to Ce 
alkyl, which is optionally substituted as defined herein, 
trifluoromethyl or optionally substituted phewyl. Even 

2b more preferably, to and R^^ to R**^^ when present each 
independently represent hydrogen, non- substituted Ci to Cs 
alkyl or phenyl which is optionally substituted with one 
or more substituents selected from nan- substituted Ci to 
alkyl or OR'*^ where R^^ represents hydrogen or 

30 unsubptituted Ci to alkyl. More preferably, to R^^ 
aad R^^ to R*'^, when present, each independently represent 
hydrogen or non- substituted d to alkyl such as methyl, 
ethyls n-propyl, iso-propyl, n-butyl, ieo-butyl, tert- 
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butyl, pentyl, hexyl and cyclohexyl, especially methyl. 
Most preferably, to arid R^^ to R^^ when present, each 
independently represent non-Bubstituted Ci to Ce ^Ikyl such 
a s methyl , ethyl , n-paropy 1 , i ec - propyl , n - butyl t i so - 
5 butyls tert- butyl, pentyl, hexyl and cyclohexyl, 
especially methyl. 

Alternatively, or additionally, one or more of the groups 
to R^, to R'' to R^ to r", R^^ to R^^ to 

10 R^», to R'* to R^^ R^'^ to R^^ or R*** to r""" (when 

present) together with the carbon atom to which they are 
attached independently may form cyclic alkyl structures 
aueh as 1-norbomyl or 1-norbornadienyl. 

as Alternatively, or additionally, one or more of the groups 
and R^ R^ and R^ and R^ R^« and R^\ R^^ and R^^, r" 
and R^^ R*^ and and R^' and R^« or R^^ and R^^ 

(when present) together with the carbon atom to which they 
are attached independently may form a cyclic alkyl 

20 structures, preferably a Cs to C7 cyclic alJcyl structure 
such as cyclohexyl and cyclopentyl. and R^, R^, R^ R^^, 
r", R^S R3^ H^^, j^j^gj^ present) each 

independently represent hydrogen, lower alkyl, 
trif luoroToethyl or aryl as defined above, particularly 

25 non- substituted Ci to Cg alkyl and hydrogen, especially 
non-aubstituted Ci to alkyl. 

In an especially preferred embodiment, each of R^ to R^® 
and R^* to R'*^, when present^ do not represent hydrogen, 
30 Suitably, 0uch an arrangement means Q^, Q^, and 

are bonded to a carbon atom of to X^*", respectively, 
which beara no hydrogen atoms. 
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preferably, ES R\ b'. K", =^ 
(whan preaent), each rsprssent ch« subatltuent ae 

dafin^a herein,- r'. E=, R". R". R». r", R", 

R" (When present) , each represent the same Bubstltuent as 

5 defined herein; and R^ R^ R^', R - R ' ^ ' ' ^ 

and R*'' (when present) . each represent the same 
Bubetituent as defined herein. More preferably Vl\ . 
r", r», r", R", R", and r" {v/hen present) each 

represent the same Cx-C. alkyl, particularly non- 

LO eubBtittited Ci-Ce alkyl, such as methyl, ethyl, n-propyl, 
iso-propyl, n-butyl, iso-butyl, tert-butyl. peixtyl, hexyl 
or cyelohexyl-,, or trif luoromethyl ; R^- R"/ R"' R , R r B , 
jj^aa^ j^as^ ^38 g^nd r*i (when present) , each independently 
represent the same Ci-Cs alkyl as defined ^ove. or 

as trifluoromethylf and R^ RS R% R". ^i"' 

and R*= (when present), each independently represent the 
same Cx-Ce alkyl as defined above, or trif luorpmethyl . For 
exaTStt)les R\ R*, R'. R". present) each 

represent methyls R^ R^ J^''^ represent 

20 ethyl (*hen present), and, R^ R^ R^ r"/ r" and r" (when 
present) each represent n-butyl or n-pentyl* 

In an especially preferred embodiment each R to R and 
^31 jg^^a group (when present) represents the same 

25 substituent as defined herein. Preferably, each to R^^ 
and R^"* to R** group represents the same C3. to alkyl 
group^ particularly non-aubstituted C^-Cc alkyl. ^uch ae 
methyl, ethyl. n-prc(pyl, iso-propyl. n-butyl, iso~butyl, 
tert -butyl, pentyl, hexyl and cyclohexyl, or 

30 trifluoromethyl. Most preferably, each b} to and R^^ to 
R*^ groixp represents non- substituted Cil-C$ alkyl ^ 
particularly tnethyl- 
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The term adamantyl when us^d herein means an adamantyl 
group which may be bonded to qS Cf, Q*. Q* ^^ 
respectively. i^i position 1 ot 2, 

Tricyalo[3.3.1.1.{3,7}]decyl is the systematic name for an 
5 adamantyl gj^oup, suitably Q\ Q^ 0* and Q\ 

rsspectively, may be bonded to the 1 position or 2 
position of one or two tricyclo [3 .3 .3. . 1. {3, 7}] decyl 
groups, px-eferably, and <f . and Q^ Q* and Q\ when 

present, is bonded to a tertiary carbon of one or more 
10 adamantyl Qroupe. Suitably, when the adaTnantyl group 
represents unsubstituted adamantyl, and Q*, and Q^, Q 
and Q* when present are pz-eferably bonded to the 1 
position of one or more tricyclo [3.3.i,l{3,7}] decyl groups 
i.e. the carbon atom of the adamantyl group bears no 
15 hydrogen atom. 

lanA adamantyl group may optionally comprise, besides 
hydrogen atoms, one or more substituents selected from 
lower alkyl, -OR", -0C(O)R='°, halo, nitro, -c{0)R='^, 
2D -C(0)OR", cyano, aryl, -N{R">R*\ -C(0)n(r")R"/ 

-P0<0R") (OR") , or -SO3R", wherein r", R^**, R*^^, R^", R". 
R»*, R*'=, R»*, r", R'^ lower alkyl, cyano and aryl are as 
defined herein and r" to R*' each independently represent 
2S hydrogen, lower alkyl, aryl or B$t, 

Suitably, whan the adamantyl group is substituted with one 
or more substituents as defined above, highly preferred 
substituents include unsxatostituted Cx to Ca alJcyl, -OR*"', - 
30 OC(0)R"', phenyl, -C(0)OR^*, fluoro, -SO3H, -ja(R»*)R*S 
-P(R='«)R''', -C(0)K(R=')R='' and -PO(r")(R"), -CF3, wherein R" 
represents hydrogen, imsubstituted Ci-Ce alkyl or phenyl, 
R^**, R**, r", R^, R^*, R'^ each independently represent 
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hydrogen or uneubstituted Ci-Ce alkyl, to R^* each 

independently represent unsubstituted Ci-Ca alkyl or 
phenyl - 

5 Suitably, the adamantyl gi^oup my comprise, besides 
hydrogen ^toitis, up to 10 substituants as defined above, 
preferably up to 5 subsfcituents as defined above, more 
preferably up to 3 siob^tituent^ as defined above - 
Suitably, when the adarnantyl group comprises, besides 
10 hydrogen atoms, one or more s-ubstituents as defined 
herein, preferably each substituent is identical - 
Preferred sub^tituents are uneubstituted Ci-Cb alkyl and 
■brif luoromethyli particularly unsubstituted C^-Gb alkyl 
suohi as methyl. A highly preferred adamantyl group 
15 comrpriaes hydrogen atoms only i.e. the adamantyl group is 
not substituted. 

Preferably, when more than one adamantyl group is present 
in a compound of formula III, each adamantyl group is 
20 identical. 

By the term 2 -phospha- tri«7y<?l«=> [3 . 3 . l - 1 • { 3 , 7 } ] decyl group 
we mean a 2 -phospha- adamantyl group fprmed by the 
Gorabination of and x'* together with to which they are 

25 attached, a 2 ^phospha- adamantyl group formed by the 
combination of and X* together with q'' to which they are 
attached^ a 2 -phospha- adamantyl group formed by the 
coinbination of X*^ and X* together with to which they are 
attached, a 2 -phospha- adamantyl group formed by the 

30 conitaination of X'' and together with to which they are 
attached and a 2 -phospha- adamantyl groiap formed by the 
combination of X^ and x^^ together with to which they 
are attached^ wherein Q^, Q^* Q^, and is in the 2- 
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pcitlon =f tue aa«»nryl group ot wWch it for«. 
integral part ^ ea^b tf- «..e»n« 

phosphorus. 

to a= 2-pnoap>ia-.da»»ntyl group harein) w optionally 
co^rise. «.e=id« l^ydros^ .to>na. one or u»« «*«ltuent». 
auitabl. ^eitu.nc. includ. thosa aubatituanta a, 
deimad herein in xeapect of tho aaa«antyl g«up. mgHly 
xo pra£arrad ,u^tltuen« mcluda lowar alkyl. partloularly 
w«ubatitu«d C-c. alkyl. aapaoially methyl. 
„lfluor=»athyl, -OR" wharain r" i» aa defined herein 
partioul.rly unsubatit:««d Cx-C. alkyl or axyl, and 4- 
dodaoylphenyl. When Che 2-phoBpha-adamantyl gr«ip inoludaa 
IB mora than one aubatituant. preSerably each aubatltnent xa 
identical * 

preferably, the 2-plioBpha-adaTnarLt:yl group is substituted 
on one or more o£ the l, 3, 5 or 7 pcsitioi^ with a 
ao substituent as defined herein. More prefesr^bly. the 2- 
phospha-adainantyl group is substituted o« O^Ch of the 1, 3 
and 5 positions. Suitably, such arrangement means the 
phosphorous atom of the 2-phospha-adamantyl group is 
bunded to carbon atoms in the adatnantyl eteletcn having no 
25 hydrogen atoms. Most preferably, the 2-pho3pha-adamantyl 
group Is substituted on each of the 1, 3, 5 and 7 
positions. When the 2-phospha^adamantyl group includes 
more than 1 substituent preferably each substituent is 
identical. Especially preferred substituenta are 
30 unsid^Btituted Ci-Cs alkyl and trif luoromethyl , 
particularly unsubstituted Cx-Ce alkyl sueh aa methyl. 
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Preferably, the 2-phospha-adamantyl group includes 
additional hetero.toms. other than che ^-phosphorous atom 
in the 2-phoBpha-adamantyl skeleton. Suitable additional 
l^etercatoma include oxygen and sulphur atoms, especiailly 
5 o^gen atotns. More pr^f drably, tha 2-phosph^-adan«ntyl 
gro^^p includes one or Tno^e additional heteroatome in the 
e 9 and 10 positions. Even more preferably, the 2- 
phospha-adan^ntyl group includes an additional heteroatom 
in each of the €. 9 and lO positions. Most preferably, 
10 v,hen the 2-phospha-adan^ntyl group includes two or more 
additional heteroatom. in the 2.phosph*-adama^tyl 
Skeleton, each of the additional heteroatoms are 
iaantioal. An especially preferred i-pho«pha-adamantyl 
group, vhich may optionally be substituted with one or 
15 «ore substituenta as defined herein, includes an oxygen 
atom in each of the 6, 9 and 10 positions of th« 2- 
phoBpha-adamantyl skeleton. 

Highly preferred 2-phospha-adartiantyl groups as defined 
20 herein include 2-phospha-l, 3. 5. 7-tetramethyl-S , 9, 10- 
trioxadamantyl group, 2-phoapha-l,3,5-trimethyl-S, 9.10- 
urioxadamantyl group, 2-ph03pha-l, 3 , 5, 7- 

tetra(ta:lfluoromethyl)-G.9,10-trioxadamantyl group, and 2- 
phospha-1 ,3,5 -tri (trif luoromethyl) - 6 , 9 , lO -trioxadamantyl 
25 group. Moat preferably, the 2 -phospha- adamant yl is 
selected from 2-.phospha- 1 , 3 , 5, 7 - tetramethyX-S , 9 , 10- 
trioxadamantyl group or 2-phospa-l, 3,5, -trimethyl-S, 9,10- 
trioxadamantyl group. 



30 



Preferably, when more than one 2-phospha-adamantyl group 
is present in a compound of formula III, each 2-phospha- 
adamaiit^yl group is identical - 
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The above definition of the term *2-phospha- 
tz-icyclo[3.3.3.,l.{3,7}]decyl group* applies equally to the 
group when it is pxeasnt in formula I but wherein X*^ in 
forniula III, i.e. XS X^ X^ , .X", is denoted CR^R^1R\ i.e. 
5 CR^R^R*, - - .CR"R^''r". in £a3cmula 1- 

The term congressyl when used herein means a congressyl 
group <also knovjn ay diam^tyl group) which Tfiay be bonded 



10 



IS 



to Q\ Q^ Q% and respectively. Preferably, and 
Q% and Q\ Q* aiid Q^, when present, are bonded to one of 
the tertiary carbon &toms of the congressyl groups. 
Suitably, when the congressyl group is unsubstituted, q'" 
and Q^, and Q^, Q* and when present, are preferably 
bonded to the 1 -position of one or more congre^eyl groups. 



The congressyl group may optionally comprise, beeide 
hydrogen atoms, one or more siibetituents . Suitable 
svibstituents include those aubstituents as defined herein 
in respect ot the adamantyl group. Highly preferred 
20 Bubatituents include unsubstituted alkyl groups , 

partioulajrly methyl, and trif luoromethyl . Most preferably, 
the oongressyX group is wisubstituted and comprises 
hydrogen atoms only. 



25 Preferably, when more than one congressyl group is present 
in a compound of formula III, each congressyl group is 
identical . 



Preferably, where one or more ring systems of formula 
30 Ilia, Illb, IIIc, Illd or Ille are present in a compound 
of formula 111, R'^* to R^^ each independently represent 
lower alkyl, aryl or Het, which groups are optionally 
substituted and/or terminated as defined herein. Such an 
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artangement means Q^, Q^, and of the ring system 

of formula Illa to Xlle, respectively, is not bonded to a 
carbon atom bearing a hydrogen ^tom- Even mora preferably, 
rs*" to R*^ each independently . represent optionally 

5 substituted Cx-Ce alkyl, preferably non- substituted Ci-Cg 
alkyl, phenyl optionally substituted with non- substituted 
Ci-Cfi alkyl or OR^^ where r" repreisents non-substituted Ci- 
Cff alkyl, or trif luoromethyl- Even morei preferably to 
R®^ each represent the eame group as defined herein, 

10 particularly non- substituted Ci-Cs alkyl, eepecially 
methyl . 

Preferably^ where one ox- more ring system of formula Ilia 
to llle are present ~in~^ "compound"" oT'^fibrmula 111, R*^ and 

IS R^* each independently represent optionally substituted Ca-* 
Ce alkyl, preferably non-substituted C:i-Cfi alkyl, phenyl 
optionally substituted with non- substituted Ci-Cg alkyl or 
OR^^ where R^^ represents non-fiubstituted Ci-Cg alkyl, 
trifluoromethyl or hydrogen, More preferably, R^^ and R^^ 

20 represent the same group as defined herein, especially 
hydrogen . 

Preferably, where one or more ring systems of formula Ilia 
to iiie are present in a compound of formula 1X1 r to 
2B are identical- Most preferably, each of Y*^ to 

represent® oxygen. Preferably, where more than one ring 
system of formula Ilia to Ille is present in a compound of 
formula III, each such ring system is identical. 

30 Preferred embodiments of the present invention include 
those wherein: 
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represents CR^R^) (R') . represei.t« CrMR^M^') . 3^ 

repr^setits CR^(R«) (l^^) X* represents CK^^R") (R 

represents CRMR=) (R^) . represents adaitiantyl, X^* 

5 represents CR'(R^) CB') and x* r^ree^nts adatnaixtyl; 

X* represents CRMR=)<R') . X= represents congre^syl. 
represents C^'{R^) and X* represents eongreeeyl; 

10 X* represents CRMR=) (R^) , X» represents CRMR») (R«) , ^'=^'1 

ana together with to which they are attached form a 
ri«^ system cf formula Illh or a 2-phospha-adan.antyl 
groi;p; 

15 X* represents CR^{R=^) (H*) . X= represents adamantyl, X= and 
together with to which they are attached form a rin^ 
system o£ Sornnila Illb or a 2-phospha-adaTnantyl group; 

X»- represents CR^(R=)(R^), x« represents congresayl, X= and 
20 ac* together with to which they are attached form a ring 
system of formula lllb or a 2-phospha-adamentyl group; 

X^ to X" each independently represent adamantylj 

25 X'' to x" each independently represent congressyl/ 

and X= each independently represent adamantyl and X^ and 
X* each independently represent congressyl; 

30 and X* independently represent adamantyl and and X* 

independently represent eongreaayl; 
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and X= independently represent adaraantyl, represents 
CR' {R') (R*) and X* represents CR" <R") (R") ; 

X* and X* indapendently represent congressyl, represents 
5 CR'CR') (R*) and X^ represents CR"{R.") in^) t 

X* and X^' independently represent adatnantyl, and X" and X* 
together with to which they are attached form a ring 
system of formuXa Illb or a 2-phospha-adaraantyl group; 

and X'' independently represent congreseyl, and and X 
together with to which they are attached form a ring 
eystem of formula Illb or a 2-phospha-adaraantyl group f 

15 X^ and X' together with Q= to which they are attached form 
a ring system of formula II la, and X^ and X* together with 
Q*^ to which they are atta<=hed form a ring syetefci of 
formula XZXb; 

20 X'- and X* together with to which they are attached form 
a 2-phospha-adamantyl group, and and X* together with 
to which they are attached form a a-phospha-adaraantyl 
group; 

25 Highly preferred embodiments of the present invention 
include those wherein: 

x=- represents CR^- (R=) (R^) , represents CR'* (R^) (R^) . 

represents CR' (R^) (R*> and X^ represents CR*''(r"> (r"> ; 

30 

X^ represents CR^(R*){R^), represents adamantyl, X^ 

represents CR^CR^) (R^) and X* represents adamantyl; 
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represents CR^(R^}(R^), represents congressyi, X? 

rfef>aeesentB CR'(R^) (R*) axid X'* represents congreseyl; 



to each Independently represent adaraantyl; 

s 

to each independently represent congr^ssyl; 

and X^ together with to which they are attached form 
a ring system of formula Iila^ and X^ and X* together with 
10 Q** to wiiich they are attaclaed form a ring system of 
formula I I lb; 

X^ and X^ together with to which they are attached form 
a S-phospha-adamantyT grdiipT and^X^~a^ together with 
15 to which they are attached form a 2-phospha-adamantyl 
group; 

Preferably in a corapound of formula III, is identical 
to x^ and is identical to x^. More preferably, x"" is 
20 identical to X^ and X^ and x^ when present r and X= is 
identical to x^ and X*^^ and X^° when present. Even more 
preferably, X^ to X^ are identical. Moet preferably, x^ to 
X* are identical to each of x^ to X^** when present. 

25 Preferably, in the conpovnd of formula III, X^ and X^ 
represent identical substdtuents, x^ and X* represent 
identical substituents^ x^ and x* <when present) represent 
identical substituents, X^ and X^ twhen present) represent 
identical substituents. and x^ and X^° (when present) 

30 represent identical substityenta- 

Preferably, in a compound of formula III, represents - 
A3-Q^<X^)X^, hydrogen, lower alkyl, -GF^, phenyl or lower 
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alkyl phenyl. More preferably # represent s ^Ag-Q^ (X®}X*, 
hydrogen, lansubatituted Ci-Cs alkyl ^ unsubstituted phenyl, 
trifluorometliyl or d-Cc alkyl phenyl. 

5 In a particular pareferred enitoodiment in a eowpound of 
formula III represents hydrogen. 

In an alternative embodiment where does not repre^sent 
hydrogenv represents -A^-Q^ (3!:*)X^- Preferat>ly, is 

10 identical to or X^^ and is identical to X* or X** 
More preferably, X^ i^ identical to both and X^, and 
is identical to both and X*. Even more preferatoly, 
Q^(X^)X^ ±B identical to either -Ai--Q^{x=')X^ or -A2«Q^(X^)X*. 
Most preferably, -As-Q^(x^)X* is identical to both -A^,- 

15 Q*(X^)X* and -Aa-Q^ (X^) X^ . 

MoBt preferably, represents hydrogen in a coi^pound of 
formula III, 

20 Preferably in the compound of formula III, D^" represents 
-A4-Q^ (x')X^, hydrogen, lower alkyl < CFs, phenyl or lower 
alkylphenylr and represents -As-Q^ (x^) X^^, hydrogen, 

lower alkyl, CFs, phenyl or lower alkylphenyl, or and 
together witli the carbons of the cyclopentadienyl ring to 

25 which they are attached form an optionally substituted 
phenyl ring . More preferably , represents -A* -Q* (x'^ ) X^ , 
hydrogen, phenyl, Ci-Cg alkylphenyl, unsubstituted Ci-Cg 
alkyl, such as methyl, ethyl, propyl, butyl, pentyl^nd 
hexyl, or CF3; represents -Ag-Q^ (X^)X^'^, hydrogen, 

30 phenyl, Gi-C^ alkylphenyl, unsubstituted Cj-C^ alkyl such 
as methyl, ethyl, propyl, butyl , pentyl and hexyl, or 
CP3; or both and together with the carbon atoms of 
the cyclopentadienyl ring to which they are attached form 
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a phenyl ring which ±0 optionally substituted with one or 
more groups seledted from phenyl, Ci-Cg alkylphenyl / 
unsubstituted Cx-Cs alkyl or -CFa* 

5 Suitably, wh^Ti and together with the carbon atams of 
the cyclopentadienyl ring to whicjh they are attached form 
an optionally substituted phenyl ring, the metal M or 
cation thereof is attached to an indenyl ring system - 

10 In a particular preferred embodiment, in a compound of 
formula IXI, represents hydrogen. 

In an alternative embodiment where does not represent 
hydrogen, represents -^A4-Q^(x"^)X^. Preferably X* is 

15 identical to X** or x^, and is identical to or x^. 
More preferably, is identical to both x"* and , and 
is identical to x^ and X^. Even more preferably 4 
Q*(X'')X^ is identical to either -Ai~Q^ (X^)X'' or -A2-Q^(X^)X\ 
Most preferably, (X'^)x* is identical to both 

20 Q^(X')X^ and ~A3-Q^(x^)x^ if present. 

In a particular prefesred embodiment, in a compound of 
formula III represents hydrogen. 

25 In an alternative embodiment where does not represent 
hydrogen, represents ^As-Q^{X^}x". Preferably X" is 

identical to X^ or X^ and is identical to X^ or X^- 
More preferably, x*-"* is identical to both x** and x^, and 
I ia identical to and X^- Even more preferably, -Ag- 

30 qS(X^)X" is identical to either ^Ai-Q=^ (X^) X^ or -A^-Q^ (X^)X^. 
Most preferably, -Ag-O* (X^) is identical to both ^Aa- 
Q^(X^)X= and -A3-Q^(X^)X*, and -A3-Q^(X^)X^ and -^A^-Q^ (x'') X« if 
present . 

I 
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Prefeafably, in the compound of formula III, when ^nd B* 
together with the carbon atoms o£ the cyclopentadienyl 
ring to which they are attached do not foarm an optionally 
5 substituted phenyl riang, each of K^, P*^ and represent an 
Identical sub^tituent. 

In an alternative preferred ecnbodiment , and # together 
with the carbons of the cyolopantadienyl ring to which 
10 thay are attached form an unexabstitutad phenyl ring. 

Highly preferred embodiments of cOfflgpouncLs of formula III 
include those wherein 9 

15 K^, and E*- are identical subatituents as defined herein, 
particularly where K^, and represent hydrogen? 

represents hydrogen, and and together with the 
carhona of the cyclopentadienyl ring to which they are 
20 attached forni an unsubstituted phenyl ring; 

represents -A3-Q^(X^JX^ as defined herein and both and 
5!^ represent H; 

25 represents --A3-Q^(X=)2C^ ae defined herein and and 

together with the carbon atoms of the cyclopentadienyl 
ring to which they are attached form arl unsybatituted 
phenyl ringr 

30 represents -A^-Q^ (x^)X^ , represents -A4-qMx')X« and 

repareaenta -Ab-Q^ (X®) X^^ . 
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Especially preferred eompoimds o£ formula III include 
those where both and represent hydrogen or and 
together with the darbon atoms of the cyclopentadienyl 
ring to which they are attached form an uneubstituted 
5 phenyl riiig, particularly those compounds where both 
and represent hydrogen. 

Preferably ^ in the compound of formula III, and Ag, and 
A3. A4 and As Cwhen present), each independently represent 

10 Ci to Ce alkylene whioh is optionally s-ubstituted as 
defined herein, for exanple with lower alkyl g?raups. 
Suitably, A^ and A2, and Aa, Aa and A5 (when present) may 
Include a ohiral carbon atom. Preferably, the lower 
alkylene groups whioh Ai to Ag may represent are non- 

15 substituted. A particular preferred lower alkylene, which 
Ax to A5 may independently represent, is -CHg- or •-CaH4-* 
Most preferably, each of Ai and Aa, and Aa, A4 and A5 (when 
present) , represent the same lower alkylene as defined 
herein, particularly --CHj-- 

20 

In the ooTOpound of formula III, preferably each and Q^, 
and Q^, Q* and (when present) are the 3ame. Most 

preferably, each <f and and Q^, Q* and {when 

present) , represents phosphorus, 

25 

It will be appreciated by those skilled in the art that 
the carnpounds of formula III may funt:tion as ligands that 
coordinate with the Group VIB or Group VIIIB metal or 
compoiuid thereof izi the formation of the catalyst system 
30 of the invention- Typically, the Group VIB or Group VIIIB 
metal or compound thereof coordinates to the one or more 
phosphorus f araenic and/or antimony eatoms of the compound 
of formula. Ill, It will be appreciated that the compounds 
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o£ formula III W be referred to broadly as 
«tnetalloeenes" . 

suitably, when a = l and Li represente an optionally 
5 atabatituted cyolopent^dienyl or indenyl group, tba 
compounds of formula III may contain either two 
cyelopentadienyl rings, two indenyl rings or one indenyl 
and one cyelopentadienyl ring (each of which ring systems 
may qptionalXy be substituted as described herein) . Such 
10 compoxmde may be referred to as "sandwich compounds" as 
ths RietaX M or metal cation thereof is sandwiched by the 
two ring sysfcems. The respective cyelopentadienyl and/or 
indenyl ring systems may be substantially coplanar with 
respect to each other or they may be tilted with respect 
15 to each other (ooniroonly referred to as bent metalloceneB) - 

Alternatively, when n * 1 and Lj represents aryl, the 
compounds of the invention may contain either one 
eyelppentadienyl or one indenyl ring (each of which ring 

ao systems may optionally be substituted as described herein) 
and one aryl ring which is optionally substituted as 
defined herein. Suitably, when n - 1 and Li represents 
aryl then the metal M of the compounds o£ formula III as 
defined herein is typically in the form of the ftietal 

&5 cation. 

In a particuleLrly preferred embodlthent of the present 
invention, in a confound of fcrntula III, n = 1, Li is as 
defined herein and m » 0. 



Preferably, when n «= 1 in the coftjpound of formula III, Lx 
r^reaente cyelopentadienyl/ indenyl or aryl ring each of 
which rings are optionally substituted by one or more 
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sub9titii«»nts selected from hydrogen, lower alkyl. halo, 
cyano. ^itro, -OR", ^OC{0)R^^ -C(0)R-, -C(0)0R", 
-N(R^^>R",- ^C(0)N{R")R=S 'C(S) {R")R=^ "SR", -C(0)SR", 
-CPs or ferrocenyl (by which w© mean the cyclopentadienyl , 

5 indenyl or aryl ring which may represent is bonded 
directly to the cyclopentadienyl ring of the ferrocenyl 
group), wherein to r" is as defined herein. More 

preferably, if the cyclopentadienyl , indenyl or aryl ring 
which La tnay represent is substituted it is preferably 

10 substituted with one or more substituents selected from 
unsubstituted Ci-Cg alkyl, halo, eyano, -OR", -OC{o)R=^ 
-c(o)R=«^, -c<o)or", -ncr")r" where r", R", R"/ R""* ^" 
and E*** each independently repreaent hydrogen or Ci-Cs 
alkyl. E^nT^rV" preferably,- if the cyclopentadienyl, 

15 indenyl or aryl ring which Li may represent is 
substituted, it is preferably substituted with one or more 
substituentB selected from unsubstituted Ci-Cs alkyl. 

Preferably, when n - X, hx represents cynlopentadienyl , 
20 indenyl, phenyl or napthyl optionally si^stituted as 
defined- herein. Preferably, the cyclopentadienyl , indenyl, 
phenyl ^ or napthyl groups are unsubstituted. More 
preferably, Li represents cyclopentadienyl, indenyl or 
phenyl, each of which rings are unsubstituted. Most 
25 preferably. In represents unsubstituted cyclopentadienyl. 

Alternatively, when n = 0, the compounds of the invention 
contain only one cyclopentadienyl or indenyl ring (each of 
which ring systems may optionally be substituted as 
30 described herein) . Such coinpounds may be referred to as 
''half seindwioh eowpounda" . Preferably, when n » 0 then m 
represents 1 to 5 so that the metal M of the confounds of 
formula III has an 18 electron count. In other words, when 
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metal M of the compounds of formula III is iron, the total 
number of elecfcrone contributed by the ligands is 
typically five. 

S m a particularly preferred alternative eTribodimenfc of the 
present invention, in a compound of formula III, n ^ 0, La 
is as defined herein and m = 3 or 4, particularly 3* 

Preferably, when n is equ^l to aero and m ±s not equal to 
10 zero in a compound of formula Til, La represents one or 
more ligands each of which are independently selected from 
lower alkyl, halo, -CO, -P (r") {R^^ J R" or -Nm*") (R^'^) R^». 
More preferably, L2 represents one or more ligands each of 
which are independently selected from unsubstituted C3. to 
15 C4 alkyl, halo, particularly chloro, -CO, -P{R*^) {R^*) R"*^ or 
-N(R*^) (R*"')R*^, wherein R" to R*^ are independently 
selected from hydrogen, uneubstituted d to Cs alJcyl or 
aryl, auch as phenyl, 

20 suitably, the metal M or metal cation thereof in the 
compounds of formula III is typically bonded to the 
eyclopentadienyl ring(s), th^ oyclopentadienyl moiety of 
the indenyl ring<s) if presents the aryl rixig if present ^ 
and/or the ligands Lz if present » Typic;2ally, the 

25 eyclopentadienyl ring or the eyclopentadienyl moiety of 
the indenyl ring exhibits a pentahapto bonding mode with 
the metal; however other bonding modes between the 
eyclopentadienyl ring or eyclopentadienyl moiety of the 
indenyl ring and the metal, such as trihapto coordination, 

30 are also embraced by the scope of th$ present invention. 
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Most preferably, in a con^und cf fOTnuila 111, n - 1, m = 
0 ^nd la is defined herein, particularly uneiibstituted 

5 Prefer«J3ly M repjresents a Qrovg? VIB or VIIIB metal. In 
oth^r «ordB the total electron count for the metal M is 
IB. 

Preferably, in the cQtnpound of formula III, M repreBents 
10 cx. Mo, Fe, Co or Ru, or a metal cation thereof. Even tnore 
preferably. M represents Cr, Pe, Co or Ru or a metal 
cation thereof. Most preferably, M is selected from a 
Group VIIIB metal or metal cation thereof. An especially 
- preferred Group VIIIB metal is Fe. - Ji.lt hough _ the metal M ae 
15 defined herein may be in a eationic form, preferably it 
carrier essentially no residual charge due to coordination 
with and/or La as defined herein. 

Especially preferred compounds of formula 111 include 
20 those wherein: 

: 

(1) represents CR^{R=) {R=*) , represents CrNr') t^') . 

represents Cr' (R^) (R^) , represents Cr"(r"){R"), 
wherein each of R^ to r" independently repreeents 
25 unsubstituted Ci-Cs alkyl or trif luoromethyl , 

particularly where each of R^ to R^= is identical, 
especially where each of R^ to r" represents 
unsubstituted Ci-Cs alkyl, particularly methyl; 
Ai and Ab are the same and represent -CHa-; 
30 K*, and are the same and represent hydrogen or 

unsubstituted Ci-Cs alkyl, particularly hydrogen; 

and both represent phosphorus; 
M represents Fej^ 
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n «^ 1 and Li represents oyclcapentadienyl , 
particularly unsubstituted cyclopantadienyl, and m - 
0. 

5 52) 3* represents CR^(R')(R'), X= reprasent^ CR*(R=)(R*). 

represents CR' (R«) (R^) . x'' represents CR^** CR") Ir") ; 
represents -CHa-Q' <X^)X* wherein 3:= represents 
CR=^3 (j^i4j (jj^isj represents CR*^ (R") (R'^') ; 

each of R^ to R^^ independently repraaent 
10 unsubstituted Ci-Cs alfcyl or trif luoromethyl, 

particularly where each of r'' to r" is identical, 
especially where each of R^ to r" represents 
unsubstituted Ci-Ce alkyl, particularly methyl f 
and A2 are the same and represent -CHa-; 
15 Q*, and each represent phosphorus? 

r»* and are the same and represent hydrogen or 
unaubscituted Ci-Cs alkyl, particularly hydrogen,- 
M represents Fe; 

n = 1 and Li represents cyclopentadienyl^ 
20 particularly unsubstituted cyclopentadienyl, and to « 

0. 

(3) X*- represents CR^ (R'') (R^) , x'' represents CE* {R^) (R^) , 
represents Cr"' (R*) (R^) , X* represents CR'" {r"> (R") ; 
25 represents -CHj-Q^ (X^) wherein X= represents 

cr"{r") (r") and represents cr"<r") (r") ; 

each of R*" to independently represent 

unsubstituted Ci-Cs alkyl or trif luoromethyl , 

particularly where each of R^ to r" is identical, 
30 especially where each of r^ to R^^ represents 

unsubstituted Ci-Cfi alkyl, particularly methyl; 

Ai and Aa are the satde and represent -CHa-; 

Q^, and q' each represent phosphorus,- 
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aiad together with the cax-ban atoms of the 

cyclopentadienyl ring to which they are attached 
form an tinsuhptituted phenyl ring? 
M repi-esents Fe; 
S n 1 and la represents cyclopentadienyl, 

particularly unsubetituted. cyclopentadienyl, and m « 
0- 

(4) represents CR^ (R^> , represents CR*(R^)(R*), 

10 X* represents ck'^{R^) (R^) , X* represents CR" (R^^) (R^) , 

wherein each of to R^^ independently represent 
unsubstituted Ci-Cg alkyl or trifluororflethyl, 
particularly where each of b} to R^^ ia identical, 
especially where each of R^ to represents 
15 nnsubstituted Ci-Cg alkyl, particularly methyl; 

Ax and Aa are the same and represent -CHa-? 
and both represent phosphprua? 

represents hydrogen or Ci-Ce alkyl, p«rtieularly 
hydrogen; 

20 and together with the carbon atoms of the 

cyclopentadienyl ring to whioh they are attached 
form an unsubstituted phenyl ring; 
M represents Pe? 

n = 1 and Li represents cyclopentadienyl, 
25 particularly unsubstituted cyclopentadienyl, and m = 

0. 



(5) represents CR^(R^)Cr3), represents CR^ (R^) (R*^) , 

represents CR*' (R^) (R^) , represents CR^^ (R^^) (r"> ; 
represents -CHs-Q^ (X^)X^° wherein X' represents 
CR^'<r3^) {r39) and X^o represents CR*^ (R^^) (R^^) - 
each of R^ to R*^ and R^^ to R^^ independently 
represent unsubstituted Ci-C© alkyl or 
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trifluoromehhyl, particularly where each of R to R 
and R" to R** is identical, especially where each of 
to R" and R^' to R'*" represeixte unaubetitufced Ci-Cs 
alfcyl, particularly methyl; 
5 Ai and Aa are the same and represent -CHa-? 

qI, and 0^ each represent phosphorus ,- 

and are the saffie and represent hydrogen or 
■ansuhstituted Ci-Ce alkyl, particularly hydrogen; 
M x-epresents Fe; 
3^0 n =^ X and La represents cyclopentadienyl , 

particularly unsuhatituted cyclopentadienyl , and to - 
D. 



C6) 



X^" r^resents~CR^ (R*) (R^) i "represents CR*(r'^) (R*) . 
15 X' represents CR' (R«) (R*) , represents CR"{R"> (R^^> ; 

represents -CHa-Q^CX^X* wherein represents 
Ck"(r") <r") and represents CR^*(r") (r''') ; 
D* represents -Calsi-Q* (x') x' wherein represents 
CR*^{r") (R") and X« represents CR'*(r") (R^^) ; 
20 e'- represents -GHa-Q^ CX^) x" wherein x' represents 

CR"(R'^) (R^*") and x" represents CR*°m") (R*"") ; 
each of R^" to R^^ and R^* to r" independently 
repreisent unsubstitutad Cx-Cs alkyl or 
trif luoromethyl , particularly where each of R^ to r''^ 
2S and R^^ to is identical, especially where each 

of to R** and R^^ to r" represents unsubstituted 
Ci-Ca alkyl, particularly methyl; 
Ai and Aa are the same and represent --CH2-7 
Q^r Q^t Q^/ and each represent phosphorus 
30 M represents Fe; 

n * 1 and Li represents cyclopentadienyl, 
particularly imaubstituted cyclopentadienyl, and m = 
0. 
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17) X^, X^, and X* independantly represent: scjamantyl, 
especially where X* to represent the same 

adamantyl group; 
5 Az and A;i are the same and respresent -CH3-; 

K*, and are th^ same and represent hydrogen or 
unsTjJbsfcituted Ci-Ce alkyl, particularly hydrogen; 

and both represent phosphorus ; 
M represents Fe; 
10 n = 1 and lit represents cyclop entadienyl, 

particularly unsxabatitutad ayclopentadienyl, and m « 
o. 

(8) X^, and X* independently represent adamantyl, 

X5 especially where to X* represent the same 

adamantyl group,- 

representa -CHa-Q^ (X^)X* wherein and x^ 

independently represent adamantyl, especially where 
X^ to represent the same adamantyl group ; 
20 Ai and A2 are the &ame and represent -CHs-; 

Q^, q'' and each represent phosphorus; 

and are che same and represent hydrogen or 
unsubstituted Ci-Cg alkyl, particularly hydrogen? 
M represents Fe? 
^® n « 1 and Lx represents cyclopentadienyl, 

particularly unsubetituted cyclopentadienyl , and m = 

i9) X^, x^, X^ and X* independently represent adamantyl, 
30 especially where x^ to x"^ represent the same 

adamantyl group; 
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represents -CHa-O^ (X^)X* wherein and X 

independently represent adainantyl, especially where 

to represent the same adamanfcyl group? 
Ai and As are the dame and represent -CHa-,* 
s Q^r and each represent phQaphorua? 

^nd together with the cartoon atoms of the 
cyclopent^dienyl ring to which they are attached 
fomi an unsufcjBtituted phenyl ring; 
W[ represents Pa; 
10 n = 1 and represents cyclopentadienyl , 

particularly i^misiibstituted cyolopentadienyl, and ni = 
0- 

(10) X^, X*, and X^ independently represent adamantyl, 
especially where to x* represent the same 
adamantyl group; 

Ai and Ag are the same and represent -CHa-; 
q'^ and both represent phosphorus; 

representa hydrogen or unsubstituted Ci-Ctf alkyl, 
particularly hydrogen; 

and e'" together with the carbon atom© of the 
cyclopentadienyl ring to which they are attached 
form an unsub^tituted phenyl ring; 
M represents Fe; 

n = 1 and Li repreaenta cyclopentadienyl , 
particularly uneubetituted cyclopentadienyl r and m « 
0. 

(11) x^, X^, X^ and X^ independently represent adaraantyl; 
30 k'' represents -CHa-Q* (x^) X^ vfherein X^ and X® 

independently represent adamantyl; 

represents -^2-0"^ CX') X^ wherein x"' ^nd X* 
independently represents adamantyl; 



15 



20 



2B 
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represents -CHifc-{f (X^) wherein and 
independently represents adamantyl, especsially where 

to X^^ represeiit the earoe a^damantyl group; 
Ax and Ag are the same and represent -CHa-/ 
Q^/ Q^i Q^f and each represent phoephorue? 
M represents Fe; 

n « 1 and Li represents cyclopenfcadienyln 
particuleirly unsubstituted cyclopentadienyl, and n» ^ 
0. 



10 



(12) X^ and together with to which they are attached 
represents 2-phciapha~adamantyl ; 

X^ and X* together with to whic:2h they are attached 

lifepresents 2-phospha~adamantyl; 

15 Ai and Aa are the same and represent -CH^-/ 

K^, and are the same and represent hydrogen or 
un^^Ibstituted Ci-c^ alkyl. particularly hydrogen; 

and both represent phosphorus/ 
M represents Pe^ 
20 n « 1 and represents, cyclopentadienyl , 

particularly unsubstituted ayclopentadienyl , and m « 

0- 

(13) X^ and X^ together with to which they are attached 
25 represents 2 -phospha- adamant yl; 

and X* together with 0^ to which they are attached 
represents a-phospha-adamawtyl? 

represent B -GHa-Q^ (X^)X^ wherein X^ and X^ together 
with to which they are attached represents 2- 
3 Q phospha - adaman t yl : 

A% and Aa are the same and represent -CHa-; 
Q*, and each represent phosphorus 



|0.Q9ij;^9^7;.:ia-lifa-04 03:Q4:i;: 
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and are the same and represent hydrogen or 
unsubstituted Ci-C^ alkyl. particularly hydrogen? 
M represents Pe; 

n = 1 and l»i represents cyclopentadienyl r 
5 particularly unsubetifcuted cyclopentadienyl, and m = 

(14) and together with to which they are attached 

represents 2 -phospha-adamanfcyl : 
10 and X* together with Q*" to which they are attached 

represents 2 -phospha- adamantyl ; 

representB -CHs-Q^ (X^>X* wherein and together 

with to which they are attached represents 2- 

phospha - adamant yl ? 
15 Ai and Aa are the same and represent -CHa-; 

Q^f and each represent phosphorus; 

D*" and together with the carbon atoms of the 

cyclopentadienyl ring to which they are attached 

form an unsubstituted phenyl ring; 
20 M representB Fe; 

n 1 and Li represents cyclopentadienyl, 

particularly unsiibstituted cyclopentadienyl, and ra = 

0. 

25 (15) and X* together with to which they are attached 

represents 2 -phospha- adamsntyl ; 

and X* together with to which they are attached 
represents 2 -phospha - adamanty 1 ? 
Ax and Az are the same and represent -CKs^; 
30 and both represent phosphorus; 

represents hydrogen or unsiibatituted Ci-Cc alkyl, 
particularly hydrogen; 
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^ ,and together witK the carbon atome cf the 
cyclopentadienyl to which they are attached 

£orm an unspbatitutad phenyl ring; 

H represents Fe; t 
„ - 1 and represents cyclcpentadxenyl , 

particularly unaubstituted cyclopentadienyl . and m - 



C16) and together with Q= to which they are attached 
10 represents 2-phoepha-adainantyl; 

and X* together with to which they are attached 
represents 2-phospha-adamantyl; 

represents -CH.-qMx=>X* wherein X^ and X together 
- ^ith Q^ - to - which- they-are- at-taohed- represents 2- 



ao 



15 phoBpha-adamantyl ? 

represents -CH^-Q- (x') x» wherein X' «nd togeth»: 
with Q' tc which tuey axe attaohed xepr«»ntB 2- 

phoapha- adamantyl ; 

represents -CH=-qMX-)X-*' wherein X» and X 
together with to which they are attached 

represents a-phoapha-adatmantyl j 
Ai and A3 are the same and represent -CH2-; 
Q^, Q*, Q'f ^^'^^ represent phosphorus 

M repres^ts Pe,- 

ji ^ 1 and Li represents cyclopentadienyl , 
particularly unsubatituted cyclopeatadienyl, and m = 
0. 

(17) X^ and X= together with Q=' to which they are attached 
30 form a ring system of formula Ilia, and X* 

together with ft^ to which they are attached form a 
rins system of formula llib. wherein and Y= both 
represent oxygen, to are independently 



25 
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BsleotedL from unsubstituted d-Cg alkyl or CF3, arv* 

and R^* represent hydxogen; 
Ai and Aa are the same and represent -CHa-; 
K?^, and are th© same and represent hydrogen or 
unsubstituted Ci-Cg alkyl, particularly hydrogen; 

and both represent phosphorus ; 
M represents Pe; 

n « 1 and Li represents ayclopentadienyl/ 
part icularly unsub^ t i tutod cyclopentadienyl 

(referred to as puc) and m = 0* 

(la) and X= together with to which they are attached 

form a ring system of formula Ilia, and 
together with to which they are attached form a 
15 ring system of formula II lb, wherein and both 

represent oxygen, R^^ to R^^ are independently 
selected from nnsubstituted Ci-Cg alkyl or CF3, and 
R*^ and fiL®* represent hydrogen; 

represents -CHa-Q^ (X^)X^ wherein and X® together 
20 with to which they are attached form a ring 

system of formula lllc^ wherein represents 
oxygen, to R^^ are independently selected from 

hydrogen, unsubstituted Ci-Cg alkyl or GF3 and ft*^ and 
R^* represent hydrogen; 
25 Ai and As are the same and represent -CH2-1 

q"-, and each represent phosphorus 7 

and are the samfe and represent hydrogen or Ci- 
alkyl I particularly hydrogen; 
M represent© Pe; 
30 n = 1 and Li represents cyclopentadienyl^ 

particularly unaubstituted cyclopentadienyl, and m = 
0. 
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(19) and X"^ togeth*r with to which they are attached 
form a ring system of formula Ula, X^' ©nd X* 
together with to which they ara attached form a 
ring system o£ formula IlXb, wherein and both 
represent oxygen, R^" to are independently 

selected from uneubstituted C^-C^ alkyl or CF3, and 
and R^* represent hydrogen; 

represents -CH,-Q^ <X=)X« wherein x"* end X« together 
with to which they are attached form a ring 
system of fornuala IIIc, wherein represents 
oxygen, R=* to R" are independently selected from 
unsubstituted Cx-C^ alkyl or CF3, and R" and 
arepresent hydrogen; 

Aa. and A3 are the sattie and represent -CHs-; 
Q*-, Q* each represent phosphorus; 

and together with the carbon atoms of the 
cyclopentadienyl ring to which they are attached 
form an unsiibstituted phenyl ring; 

M represents Fe; 
20 n = 1 and Li represents cyclopentadienyl, 

particularly unsubstituted cyclopentadienyl, and ra = 



(20) 

2S 



and X,^ together with Q= to which they are attached 
form a ring system of formula Ilia, X^ and X* 
together with Q*" to which they are attached form a 
ring syatem of formula Illb. wherein and Y= both 
represent oxygen, R'"' to are independently 

selected from unsubstituted Ci-Ca alkyl or CFa, and 
30 R** and R*' represent hydrogen; 

Aa and Aa are the same and represent -CHa-r 
Cj'" and Q' both represent phosphorus; 
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20 



2S 



30 



S7 

K* represents hydrogen or imsubsitituted Ci-Ce allcyl, 
particularly hydrogen? 

and together with t^ie carbon atoms of the 
dyclopentadienyl ring to which th^y are attached 
form an imaubstituted phenyl ring; 
M zr^rpresente Fef 

^ ^ 2. and Li represents cyolopent^dienyl , 
particularly xon^tabstituted cyclopentadienyl , and m - 

(21) X* and x= together with Q= to which they are attached 
form a ring system of formula Ilia, X= and X* 
together with 0=" to which they are att ached f orm a 
ring system of fomwia'Tflb', whereT£~y^ and Y= both 
represent oxygen, to r" are independently 

selected from uneubstituted Cx-Ci alkyl or CFs, and 
R*' and E.'* represent hydrogen? 

represents -CHa-Q* CX*)X* wherein X= and together 
with q' to which they are attached form a ring 
ayatem of fonmila IIlc, wherein represents 
oxygen, to are independently selected from 

unsubstituted Ci-Ca alkyl or CFa, and R*^ and 
represent hydrogen x 

represents -CMa-Q* (X')X^ wherein Js7 and together 
with Q* to which they are attached form a ring 
system of formula lUCr wherein represents 
oaeygen, to a" are independently selected from 

unsiibatituted Ci-Cs alkyl or CF3, and R*^ and R^* 
represent hydrogen; 

E* represents -CHa-Q^ (x") x^° wherein x^ and x^''* 
together with Q* to whltsh they are attached form a 
ring system of formula iiie, wherein represents 
oxygen, and r" to R^* are independently selected 
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from unsvbstitutad Ci-C^ alkyl or CF3. and R** and. 
represent Hydrogen,* 

Ai and Aa are the same and represent -CHj-; 

Q^f Q*. Q* represent phosphorus / 

5 M represents Fe; 

n = 1 and Li represents cyclopentadienyl ; 
particularly unsutostituted cyclopentadienyl , and m - 
0. 

10 (22) X*, X* and X* independently represent congressyl, 

especially wb«re to X* represent the same 

congressyl group i 

Ai and Aa are the same and represent -CHa-j 
k\ and are the same and represent hydrogen or 
15 unpubstituted d-Cs alkyl. particularly hydrogen; 

q"^ and both represent phosphoxvp; 
M represents Fe; 

n - 1 and Li represents cyclopentadienyl, 
particularly %instibst±tuted eyelopentadienyl , and m « 
20 0 . 

(23) X^, X'*, and X* independently represent congressyl, 

especially where x^ to x* rep^feeant the same 

congresayl group; 
2s represents -CHg-?f (X*) X* wherein X= and x* 

independently represent congressyl, ©speoially where 

X^ to X* represent the same aongressyl group; 

Ag. and A3 are the sante and represent -CHa-; 

Q^, and €2^ each represent phosphorus; 
30 D* and B*- are the same and represent hydrogen or 

unaubstituted Cx-C« alkyl, particularly hydrogen; 

M represents Fe; 
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n « 1 and Li r-epa^esients cyclopanfcadienyl, 
particularly unsubstituted cyclopentadienyl , and m = 
0. 

5 (24) X^^ X^, and X"* in^Jependently represent; congjr^esyl r 
eBpecially where fco x* represent the same 

congressyl ^froup; 

represents -CH^-Q^ {X^) X^ wherein X^ and X^ 
independently irepresent ciiongressyl # especially where 
10 X* to X^ represent the same <pongressyl group; 

Ai and A2 are the same and represent -CHj-/ 
Q*, and each represent phosphorus; 

and together with the carbon atoms of Che 

cyclopentadienyl ring to which they are attached 
form an unsiibstituted phenyl ring; 
M represents Pe; 

n = 1 and Li represents cyclopentadienyl, 
particularly unsubstituted cyclopenfcadienyl, and ra « 
0. 

20 

(25) X^, X^, X^ and X^ independently represent congreasyl^ 
especially where x* to X* represent the same 
oongre^ayl group; 

Ai and Aa are the same and represent -CH^z-j 
25 and both represent phosphorus; 

represents hydrogen or unsubstituted Ci-Cg alkyl, 
particularly hydrogen; 

and e"- together with the carbon atoms of the 
cyclopentadienyl ring to which they are attached 
30 form an unsubstituted phenyl ring; 

M represents Pe; 
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1 aud represents cyo^opentadienyX . 

^rtlcularly unsubatituted cyclopentadienyl , and m ■ 



0. 



^^ X3 a.d X* independently ^.present congre.Byl, 
represents -Ot.-Q' i^')^' ^^^'^^'^ X «ld X 
indepenaently rep:r^sent congreesyl; 

l:x represents -CH.-qMx-)X^ wherein X and X 
independently represents congressyL- 



10 represents -CB.-Qnx')X» wherein X *nd X 

independently represents congre^syl. especaally 

where to x" represent the san.e congressyl group; 

Aa and Aj are the same and represent -CHa-J 

- -Q=^.-QS--Q'-r-Q'-a»<a-Q^ each-repreaent phosphorus; 

xs M represents Pe; 

n = 1 and i-x represents cyclopentadienyl , 

particularly unsubstituted cyclopentadienyl, and m - 
0. 



20 



30 



(27) X=^ and x' independently represent adamantyl, 
especially where X^ and represent the same 

adainantyl group j 

X= represents CR^R^) (R^) ^"d X* represents 
Cr" (r''^') (R.") wherein each of R*, R 1 R » « ' •* 
R« independently represent Ci-Cs alkyl or 
trifluorotaethyl, particularly where each of to R 
and r" to r" is identical, especially where each of 
R* to R* and r"-" to r" represents unsutastituted Cx-Cs 
alkyl, particularly methyl; 
Ai and Aa are the same and represent -CHa-; 
kS and are the same and represent hydrogen or 
un'substituted Cx^Cs alkyl, particularly hydrogen; 
and both represent phosphorus; 
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M represents Pe; 

n = 1 and Li represents cyolopentadienyl , 
parfciSJularly xinsiobstituted cyclopentadienyl , and m « 
o. - 

5 

(28) and independently repiresent adamantyl, 

especially where and X.^ represent the same 

adaniantyl groupi 

K* represents -GHa-Q^ (X^) X^ wherein x'' represents 
10 adamantyl. especially where xS X^ and X= represent 

the same adataantyl group; 

X* represents CrVr") (R*) , X* represents CR"(R^^) (R") . 
X* representa CR^*(r") (R"> , wherein each of R* to R^ 
^10 jjiz and R*'^ to R*° independently represent 

15 TKistibstituted Cx-Cs alkyl or trif luoxomethyl , 

particularly where saeh of R* to E^ r" to R^=. and 
r" to r" is identical, especially where each of R* 
to R* , R" to R*' and to R^" represents 

tansubatituted Ci-Cs alkyl, particularly methyl; 

20 Ai and Aa are the same and represent -CHi-.- 

0=* and each represent phosphorus; 
0=^. and are the same and represent hydrogen or 
unsubstituted Ci-Ce alkyl, particularly hydrogen; 

M represents Fe; 
2s n =s 1 and Li represents cyclopentadienyl, 

particularly unsubstituted cyclopentadienyl, and in « 

0. 



(29) and X' Independently represent adamantyl, 

30 especially where 7^ and X* represent the same 

adamantyl gxroup; 
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represents -CHa-Q^ {x*)X* wherein X« represents 
adamantyl, especially where x\ and X« represent 
the s&ma adamantyl group; 

represents CR* (r") <R'') , X* represents CR^* (R") (R^^) . 
X'^ represents CR"(r") (R") . wherein each of R* to R«, 
jjio to R" and t<s r" independently represent 

unsubstituted Ci-C« aikyl or tri-f luorcrmethyl , 
particularly where each of R* to R^ R*" to R", and 
R^^ to r" is identical, especially vhere each of R* 
to R*, R" to r" and R" to R" represents 
unsvibetituted Ca-Cg alkyl, particularly methyl? 
Ai and Aa are the same and represent -CHa-? 
Q*, and each represent phosphorus; 

I>i- -and - E^— together - with the carbon atoms. _of thfi 

cyclopentadienyl ring to which they are attached 
form an unaubstituted phenyl ring; 
M represents Fe; 

n = 1 and Li represents cyclopentadienyl, 
particularly unsubstituted cyclopentadienyl, and m 
20 0. 

(30) x'' and X^ independently represent adamantyl, 
especially where X^ and represent the same 

adamantyl gro\ipf 
25 X= represents CR*(R=)(R^) and represents 

CR"{R")(R^*) wherein each of R*, R^ R*, R^^ and 

r" independently represent Cj.-C< alkyl or 
trif luorotnethyl , particularly where each of R* to R* 
and R*" to R" is identical, especially where each of 
30 R* to R* and to R^'' represents unsiibstituted Ci-Cs 

alkyl J particularly tnethylj 
Ai and Aa are the same and represent ''CH2-; 
and both represent phosphorus; 
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represents hydrogen or unsubstituted. Ci-Ce alkyli 
particularly hydrogen; 

and together with the carbon atoms of the 

cyclopentadiejiyl ring to which they ars attached 
5 form an unsubstituted phenyl ring; 

M represents 

n a 1 and hx represents cyclopentadienyl, 
particularly unsubstituted cyclopentadienyl, and m « 
0. 

10 

Specific but non- limiting examples of bidentate ligands 
Ttfithin this embodiment include the folloitfing: 1,2-bis- 
(dimethylaminomethyl) ferrocene, Iy2-bi6-' 
(ditertbutylphosphinomethyl }' ferroceneT" ' l-hydroxyrnethyl -2 - 

15 dimethyl ami nomethyl ferrocene, 1,2-bis- 
(ditertbutylphosphinpmethyl) ferrocene , l-hydroj^yrnethyl- 
2, 3 -bis- (dimethylaminomethyl) ferrocene,. l^^^a-tris- 
(ditertbutylphosphinometbyl ) ferrocene, l r 2 -bia- 

Cdicyclohexylphosphinomethyl} ferrocene, 1,2-bia- {di-iso- 

2 0 butylphosphinome thyl ) ferrocene ^ 1,2 -bi s - 

(dicyclopentylphosphinomethYl) ferrocene^ 1 , 2-bis- 

(diethylphospilinomethyl) f errocene, l,2-bis(di- 
isopropylphosphinomethyl) ferrocene / i , 2 -bie- 

(dimethylphosphinomethyl) ferrocene, 1, 2 -bis- (di- (1,3,5,7- 

25 tetramethyl-6y 9, lO-trioxai-2-phcepha- 

adamantylmethyl ) ) ferrocene , 1,2 "bis - 

(dimethylaminomethyl ) ferrocene -bismethyl iodide , 1,2- 
bis (dihydroxymethylphosphinomethyl > ferrocene > 1,2- 
bis (diphosphinomethyl) ferrocene, l,2-bis-a,a- (P-- (2,2^6^6, - 

30 tetramethylphosphinan-4 -one) ) dimethylf errocene, and 1,2- 
bis- (di-1, :5 , 5, 7-tetramethyl-fi ,9, 10- trioxa~2 -phospha- 
adamantylmethyl > ) benzene . Nevertheless , the skilled 

per eon in the art would appreciate that other bidentate 
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lisan-la envl.ag«i »itl»ut dating fron> th. .copa 

of the invention. 

a tjrocess for the carbonyl^tion of an 

.„ ethyl«.lo.Xly un...u««d <=on|P<«»a with c.rb»n n»x««.d. 
.na a hya^oxyl 9-up containing cc,^ in t^. pr«.e^. 
. ctalyat ay»te^ - defined in th. p—nt a^entlon. 

the step noted above. WevartheXsea , 
OTOcess oomprismg tne step »iww. 

although the proce^a is preferably operatea c 
batch operation ie s>ossible. 

S.it.bly, the hydroxyl group containing co«^ound includes 
«.ter or an organic n^olecule having a hydroxyl functional 
grouj.. preferably, the organic molecule having a hydxoxyl 
functional group may be branched or linear, and comprises 
an .ll^nol, particularly a C.-C30 alfcanol. including aryl 
alkanolB. which may be optionally eubatituted with one or 
«.ora substituent. .elected £ro«. lower alkyl. ^^^'^^^^ 
halo, oyano, nitro. 01.-, oc(0)r", C(0,I^ . C(0)OR 
NR-R" C(0)m"R«, C(S)R=^^", SR" or C(0)SR" as defined 
herein. Highly preferred alka^ols are C.-C, alkanols such 
: as nvetbanol. ethanol. propanoic iso-propanol, ifio-butanol, 
t-butyl alcohol, n-butanol, phenol and chlorocapryl 
alcohol. Although the monoalkanols are moist preferred, 
poly-alkanolB, preferably, selected from di-cota ols such 
as diols. triola, tetra^ols and sugars may also be 
0 utiliBBd. Typically, such polyalkanols are selected from 
1, 2-ethanediol. l , 3 -propanediol , glycerol, 1,2,4 
butane triol . 2 - (hydroxymethyl ) - 1 , 3 -propanediol , 1,2,6 
trihydroxyhexane, pent aery thritol, l^l'l 




€5 



tri (hydroxymethyX) ethane, nairooee, sorbase, galactose and 
other sugars. Preferred sugars include sucrose^ fructose 
and glucose. Especially preferred alkanols are methanol 
and ethanol- Kie most preferred alkanol is methanol. 

The amount of alcohol is not critical* Genera,Hy, amounts 
are used in excess of the amount of ethylenioi^lly 
unsaturated compound to be tiarbonylated- Thus the alcohol 
may serve as the reaction solvent as well, although, if 
10 . desired, separate solvents may also used. 

It will be appreciated that the end product of the 
reaction is determined at least in part by the source of 

hydroxyl- group containing compound ua^d, If wa ter is used 

15 as the hydroxyl group containing compound then the end 
product is the corresponding oarboxylic acid^ whereas use 
of an alkanol produces the corresponding ester. 

In the process according to the present invent ion ^ the 
20 carbon monoxide may be used in pure form or diluted with 
an inert gas such as nitrogen, carbon dioxide or a noble 
gas such as argon- Small amounts of hydrogeni typically 
less than 5% by volume^ may also be present. 

25 Uie ratio (volume/volume) of ethylenically unsaturated 
compound to hydroxyl group containing cotttpoxind may vary 
between wide limits and suitably lies in the range of 
1 ; 0 , 1 to 1:10, preferably from between ^ > i to 1:2 and up 
to a large excess of hydroxyl group containing confounds 

30 when the latter is also the reaction solvent such as up to 
a 50:1 excess of hydroxyl group containing compounds. 
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The vnolar ratio of the €itJiylenlcally unsaturated compound 
to carbon tnonoxide i& preferably in the range itl to 100:1 
TOoi-e preferably greater th^ lil, even more preferably at 
least 3:1. especially front 3:1 to 50:1, and most 
5 preferably,. in the range from 3il to 15:1. 



The amount of the catalyse of the inventioT^ used in the 
earbonylation process of the ethylenioally unsaturated 
compound is not critical • Good results may be obtained 

10 when, preferably, the amount of Group VIB or VI I IB metal 
is in the range 10"'' to 10^^ roolee per mole of 
ethylenically unsaturated compound, more preferably, 10'^ 
to 10"^ moles, most preferably 10'^ to 10"^ mole© per mole 
of ethylenically unsaturated compound. Preferably^ the 

15 amount of bidentate compound of formula I or formula III 
to unsaturated compound is in the range 10"^ to 10*^, more 
preferably, IC"^ to lO''^ most preferably, 10'^ to lo"^ 
moles per mole of ethylenically unsaturated compound. 

20 Suitably, although non-essential to the invention, the 
carbonylation of an ethylenically unsaturated compound as 
defined herein may be performed in one or more aprotic 
solvents. Suitable solvents include ketones, such as for 
example methylbutylfcetone; ethers, such as for ejwmple 

25 anieole (methyl phenyl ether) , 2,5, 8 - trioxanonane 
(diglyme) , diethyl ether, dimethyl ether, tetrahydrofuran, 
diphenylether, diisopropylether and the dimethylether of 
di -ethylene-glycol,- esters, such as for example 
methylacetate, dimethyl adipate methyl benzoate, dimethyl 

30 phthalate and butyrolactone; amides, such a& for example 
dimethylacetamide, N-methylpyrrolidone and dimethyl 
formamide; sulfoxides and sulphones, such ae for example 
dimethyl sulphoxide , di - i sopropyl eulphone , sul fo lane 
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(tet:rahyd.rothiophsne-2r2-dio3Kide) , 2-mefchylsulfolan©, 
diethyl suXphone, tetrahydrothiophene 1,1 -dioxide and 2- 
methyl -4 - ethyl eulfolane ; aroniafcic compounds r iiicluding 
halo variants of such compouiads eg, benssene, toluene, 
5 ethyl benzene o-:3tylene, m-iiylenef p-xylene, chloirobensjene, 
o-dichlorobenzene , m-dichlorobenzene : alkanea, including 
halo variants of such dcmpounde eg, hexane^ heptane / 
2,2,3-triTnathylpentane, methylene chloride and carbon 
tetrachloride; nitriles eg. benzonitrile and aoetonitrile. 

10 

Very suitable aofe aprotie solvents having a dielectric 
constant that is below a value of 50, more preferably in 
the range of 3 to 8, at 258.15 K and l x lO^Nm'^, In the 
present oontext^, the dielectxic Hcon for' 'a given 

15 solvent is used in its normal meaning of representing the 
ratio of the capacity of a condenser with that substance 
as dielect^ric to the capacity of the same condenser with a 
vacuum for dielectric- Values for the dielectric constants 
of common organic liquids can be found in general 

20 reference book©, such as the Handbook of Chemistry and 
Physios ^ 76^^ edition^ edited by David R, Lide et al, and 
published by CRC press in 1995, and are usually quoted fOX: 
a temiperature of about 5 0**c or 25**C, i.e. about 2 93.153c or 
298,15 and atmospheric pressure, i^e, about 1 ac lO^Nm"^,. 
25 or can readily be converted to that temperature and 
pressure using the conversion factors quoted. If no 
literature data for a particular compound is available, 
the dielectric constant may be readily measured using 
established physico-chemical methods. 

30 

Foi- example, th.e dielectric constant of anisole is 4.3 (at 
234. 2 K) , of diethyl etiier is 4,3 (at 293.2 K) , of 
sulfolane is 43*4 (at 303,2 K) , of inethylpentanoate is 5.0 
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(afc 293.2 K), of diphenyletiier is 3.7 (at 283.2 K) , of 
dimethyladipate is fi.a tat 293.2 , of tetrahydrofuran is 
7*5 (at 295.2 K) , of methylnonanoate is 3-9 (at 293.2 K) . 
A preferred solvent is aiiisolep 

5 

l£ the hydrcxyl group containing compound is an alkanol, 
an aprotic solvent will be "generated by the reaction as 
the eater earbonylation product of the ^tbylenically 
unsaturated compound* carbon tnonoxide and the alkanol is 
10 an aprotio solvent - 

The process may be carried out in an excess of aprotio 
solvent, i*e. at a ratio (v/v) ot aprotic solvent to 
hydro3tyl group containing compo\and of at least 1:1. 
IS Preferably, this ratio ranges from 1:1 to 10:1 and tnore 
preferably from 1-1 to 5:1. Most preferably the ratio 
(v/v) ranges from 1,5:1 to 3:1. 

Despite the aforegoing it is preferred that the reaction 
20 is carried out in the absence of any external added 
aprotic solvent ie, an aprotic solvent not generated by 
the reaction itself. 

The catalyst compounds of the present invention may act as 
25 a ^^heterogeneous*' catalyst or a ^'hoitiogeneous" catalyst. 

By the term "homogeneous" catalyst we mean a catalyst, 
i.e. a compound of the invention, which is not supported 
but is simply admixed or formed in-situ with the reactants 
30 of the carbonylation reaction (e.g. the ethylenically 
unsaturated qonrpoundf the hydroxy 1 containing compound and 
carbon monoxide) , preferably in a suitable solvent as 
described herein. 



lB-FEB-2004 155 05 FROM flPPLEYflFSD LEES 



TO 01S33B14444 



P-73 




69 



By the term "iieterogeneous" catalyst we mean a catalyst, 
l.e, the compound of the inveiitiorLy which is carried on a 
support . 

B 

Thus according to a further aspect, the pr-eeent invention 
provides; a process for the carbonylation of ethylenically 
unsa-turated compounds as defined herein wherein the 
process is carried out with the catalyst comprising a 
10 support, preferably an insoluble support - 

Preferai>ly, the support comprises a polymer such as a 
polyolefin, polystyrene or polystyrene copolynfier eiuoh as a 
divinylb&nsene copolymer or other suitable polymers or 
15 copolymers known to those skilled in the art; a isilicon 
derivative such as a functional ised silica, a silicone or 
a silicone rubber; or other porous particulate material 
such as for example inorganic oxides and inorganic 
chlorides . 

20 

Preferably the support material is porous silica which has 
a surfaae area in the range of from 10 to 700 m^/g, a 
total pore volume in the range of from 0.1 to 4.0 cc/g and 
an average particle size in the range of from 10 to 

25 More preferably, the surface area is in the range of from 
50 to 500 m^/g, the pore volume is in the range of from 
0*5 to 2-5 cc/g and the average particle size is in the 
range of from 20 to 200 ^ta. Most desirably the surface 
area is in the range of from lOO to 400 m^/g, the pore 

30 volume is in the range of from 0*8 to 3.0 cc/g and the 
average particle sisse is in the range of from 30 to 100 
ijm. The average pore sise of typical porous support 
materials is in the range of from lo to looo A, 
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Pxeferatolyi a support material is usad that has an 5iverage 
pore dlamete:!:: of from 50 to 500 k, and most desirably from 
75 to 350 A- It may be particularly desirable to dehydrate 
the silica at a tempe^rature of from xoo*C to SOO^C 
5 anywhere from 3 to 24 hours. 

suitably, the support may be flexible or a rigid support, 
the insoluble support ie coated ^d/or inipregxiated with 
the conipoujids of the process of the invention by 
10 techniques well known to those skilled in the art. 

Alternatively, the compounds of the process of the 
invention are fixed to the surface of an insoluble 
support, cptionaliV via ~~a' covalent bond, and the 
15 arrangement optionally includes a bifunctional spacer 
molecule to space the conipound from the insoluble support. 

The compoundB of the invention may be fixed to the surface 
of the insoluble support by promoting reaction of a 
functional group present in the compound of formula I or 
III, for example a ©ubstituent K, Z and E (or K^^ 
and B^) of the aryl moiety, with a complimentary reactive 
group present on or previously inserced into the aupport . 
The combination of the reactive group of the support with 
a complimentary substituent of the compound of the 
invention provides a heterogeneous catalyst where the 
compound of the invention and the support are linked via a 
linkage such as an ether, ester ^ amide, amine, urea, keto 
group . 

The Ghoicre of reaction conditions to link q Compound of 
the process of the present invention to the support depend 
upon the ethylenically tmsaturated compound and the groups 



20 



25 



30 
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of tlxe support. FoJr example, nre agents such as 
carbodiimides, 1^ I'-carbonyldi imidazole i and processes 
such as the use of mixed anliydxid©3r reductive amination 
may be employed, 

5 

According to a further aspect^ the present invention 
provides the use of the process of any aspect of the 
invention wherein the catalyst is attached to a supports 

10 Conveniently, the process of the invention may be carried 
out by dissolving the Group VIB or VII IB metal or oompound 
ther^eof as defined herein in a suitable solvent such as 
o ne of the hydroxyl group containing compounds aprotic 
solvents previously described (a particularly preferred 

15 solvent would be the eater or acid product of the specific 
carbonylation reaction e,g. Methyl propionate fOir ethylene 
carbonylation) and subsequently admixing with a compound 
of formula I or ill as defined herein and an acid. 

20 The carbon monoxide may be used in the presence of other 
gas&s which are inert in the reaction- Examples of such 
gases include hydrogen, nitrogen^ carbon dioxide and the 
noble gases such as argon. 

25 Suitable Group VIE or VIIIB metals or a compound thereof 
which may be combined with a compound of formula I or III 
include cobalt^ nickel, palladium, rhodium and platinum. 
Preferably, the Group vIllB metal is palladium or a 
compound thereof- Suitable compounds of such Group VIB or 

30 VIIIB metals include salts of such metals with, or 
com!pow3fXd© oomp5B^ieirt.^ we^akly aoojfdina^ted anions derived 
from, nitric acid; sulphuric acid; lower alkanoic (up to 
Cra) acids such as acetic acid and propionic acid; 
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sulphonic acid3 sucli aa methane sulphonic acid, 
chloro3ulphonic acid, f Ivorosulphonic acid, 

trif lucprotnethane aulphonic acid, b^enisene sulphonic acid, 
naphthalene sulphonic acid, toluene sulphonic acid^ ^-9' 
5 p-toluene sulphonic acid, t-butyl sulphonic acid, and 2- 
hydroxypropane sulphonic acid; sulphonafced ion exchange 
resins; perhalic acid such as perchloric acid; ; 
halogenated carfooxylic: acids such as trlahloroacetic adid 
and trif luoroacetic acid; orthophosphoric acid; phoisphonic 
10 acids such &6 bfenzenephoaphonic acid; and acide deriv<^d 
from interactions between Lewis acids and Broensted acids - 
Other sources which may provide suitable anions include 
the optionally halogenated tatraphenyl borate de?:ivatives, 
e,g. perf luorotetraphenyl borate. Additionally, zero 
15 valent palladium complexes particularly those with labile 
ligands, e,g. triphenylpho^phine or alken^a such as 
dibensylideneacetone or styrene or 

tri (dlbenaylideneacetone)dipalladium way b& used. 
Nevertheless, an acid is present in the catalyst system as 
20 set out hereinbefore, even if other sources of anion such 
aa those noted above are also present. 



Thus, the acid is selected from an acid having a pKa 
measured in aqueous solution at 18 °c of lees than 4^ more 

25 preferably less than 3, most preferably leee than 2. 
Suitable acida include the acids listed supra* 
Preferably, the acid ia not a carboxylic acidi mora 
preferably the acid is either a sulphonic acid, or eome 
other non-carboxylie acid such as those selected from the 

30 list consisting of perchloric acid, phosphoric acid, 
methyl pho^phouic acid^ sulphuric acidy and sulphonic 
acids, even more preferably a sulphcnic acid or other non^ 
carboxylic acid (selected from the list above) having a 
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pKa measured in aqueous solution at 18'C of less than 2/ 
yet even more preferably a aulphonlc? acid having a pKa 
measuired in aqueoue solution at IS^^C of less than 2, still 
more preferably the acid is selected from the list 
5 consisting of the following sulphonic acids: 
me thanesulphonic acid ^ t ri f 1 uorome thane sulphonic ac i d . 
tert-butanesulphonic acid, p- toluene sulphonic acid, 2- 
hydroxypropane- 2 -sulphonic acid, and 2,4,6- 

trimethylbenzenesulphonic acid, most preferably th^ acid 
10 iB methanesulphoixic acid. 

As mentioned,, the catalyst system of the present invention 
may be used homogeneously or heterogeneouely - Preferably, 
the catalyst aystem is used homogeneously. 

15 

The catalyst system of the present invention is preferably 
constituted in the liq:uid phase which may be f oirmed by one 
or more o£ the reaetants or by the use Of a suitable 
solvent , 

20 

The molar ratio of the amount of ethylenically unsaturated 
coinpound used in the reaction to the amount of hydroxyl 
providing compound is not critical and may vary between 
wide limits, e.g. from 0^ 001:1 to 100 si mol/mol. 

25 

The product of the carbonylation reaction using the ligand 
of the invention may be separated from the other 
componeilt^ by any suitable means « However, it is an 
advantage of the present process that significantly fewer 
30 by-products are formed thereby reducing the need for 
further purification after the initial separation of the 
product aa may be evidenced by the generally significantly 
higher selectivity. A further advantage is that the other 
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components which contain the catalyst system which may be 
recyclied and/or reused in further reactions with rainiTnal 
supplement at ion of fresh catalyst* 



5 Preferably p the carbonylation is djarried out at a 
temperature of between -10 to 150°C, more preferably 0^ 
to I40''c, even inore prefenrably 15*C tii 140**C, most 
preferably 20^C to 120*c::. An especially preferred 
temperature is one chosen between $0**Cf to 120^C, 
10 Advantageously, the carbonylatioa can be carried out at 
moderate temperatures, it is particularly advantageous to 
be able to carry out the reaction at room temperature 
(20^0 , 

15 Preferably, when operating a low temperature 
carbonylation, the carbonylation is <?arried out between - 
30*^C to 49*^0, wore preferably, -"lO^C to latill more 

preferably fl°C to 4S*C, even nuare preferably 10°C to ^S^Cf 
moat preferably 15^C to 45*C. Especially preferred is a 

20 range of 15 to 35°C- 

Preferably, the carbonylation is carried out at a CO 
partial pressure of between 0.80 x lo^ N.m^^-so x i0^1ff.Tu"=^, 
more preferably 1 x 10^ x lO^N.m"^, most preferably 

25 1-30 X IQ^ N.m'^. Especially preferred is a CO partial 
pressure of 5 to 20 x lO^N.m"^^. 

Preferably, a low pressure carbonylation is also 
envisaged. Preferably, when operating a lt>w pressure 
30 carbonylation the carbonylation is carried out at a CO 
partial pressure of between O.i to 5 x 10%. m'^, more 
preferably 0.2 to 2 x lO^N^m"^, most preferably 0.5 to 1.5 



18-FEB-2004 158 08 FROM flPPLEYRRD lees TO 01633B14444 p. 79 



75 



The ethylenically unsaturated compounds m&y be substituted 
or non-'subatifcuted with groups as defined above for the 
^aryl" group above • Particularly suitable ^ubstituenta 
5 include alkyl and aryl groups as well as groups containing 
- Jhetferoatoms such as halidee, sulphur, phosphorus, oxygen 
and nitrogen. Examples of substituents include chJorids, 
bromide, iodide and hydroxy, alkoxy, carboxy^ amino, 
amido, nitro, cyano, thiol or thioalkoxy groups • Suitable 

10 ethylenically Tonsaturated compounds include ethene^ 
propane, hexene, vinyl compounds such as vinyl acetates, 
heptene, octene, nonene, decene, undeoene, dodecene, etc 
up to C:jo, i.e. having from 2 to 30 oarbon atoms, which 
may be linear or branched, cyclic or unoyclio or part 

IS cyclic and in which the double bond tn^y take any suitable 
position in the carbon chain and which includes all 
stereisomers thereo£. 

Moreover, the unsaturated compound may have one or more 
20 unsaturated bonds and therefore, for example ^ the range of 
ethylenically unsaturated conpoimds extends to di enea . 
The unsaturated bond(s) may be internal or terminal ^ the 
catalyst system of the invention being particularly 
advantageous in the conversion of internal olefins, 

25 

Particularly preferred are olefins having from 2 to 22 
carbon atoms per molecule, such as ethene, propene, 1- 
buteue^ 2-butene, isobutene, pentenae, hexenes^ octanes, 
e.g« oct-2<-en$, oct-S-^ene, oct-4-ene, decenes and 
30 dodecenes, tiriisobutylene, tripropylene , internal Ci4 
olefins, and internal Cis-Cx^ olefins, l, 5-cyclooctadiene, 
cyolododecene , methyl pentenoate and pentene nitriles, 
epg, pent-2-ene nitrile. 
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The eth.ylenically unsaturated compoimd preferably an 
alkene having 1 to 3 carbon-carbon double bond^ per 
molecule T . Non-limiting exarnples of suitable di^nes 
5 iiq.clude th© fol lowing s 1,3 -butadiene, 2-methyl-l,3- 
butadifene, 1, S-cyclooctadiene^ l^S-cyclohe^x^diene, 2,4- 
heptadiene, 1, 3-pent.adi6iie, 1, 3-hexadiene, particularly 
1 , 3 -butadiene . 

10 Another preferred cateaary of unsaturated ootnpomda 
consists of unsaturated esters of earboxylic acids and 
esters of tmsaturated earboxylic acids. For exainple, the 
starting nftaterial may be a vinyl ester of a carbOi^ylic 
acid such as acet ic'~acid " br propanoic acid; "or it Tna.y be 

IS an alkyl ester of an unsaturated acid, such as the methyl 
or ethyl ester of acrylic acid or methacrylic acid, 

A further preferred category of unsaturated compounds 
consists of cycloalkadienes, which will ordinarily refuse 
20 carbonylation. For example, the starting material may be 
dicyclopentadiene or norbornadiene, to give diesterSy 
diamidesr or diacids, etc., which may find subsequent use 
as nranomers in polymerisation reactions. 

25 The use of stabilising compounds with the catalyst system 
may also be beneficial in improving recovery of metal 
which has been lost from the catalyst system. When the 
catalyst system is utilized in a liquid reaction medium 
Such stabilizing compounds may assist reccyvery of the 

30 Group VI or VIIIB metal. 

Preferably, therefore^ the catalyst system includes in a 
liquid reaction medium a polymeric diapersant dissolved in 
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a liquid said polymeric dispersant being capable 

of stabilising a colloidal suspension of particles of the 
Group VI or VIIIB metal metal coTtspoimd of the catalyst 

systeia within the liquid carrier. 

5 

The liquid reaction tnedium may- be -.solvent for the 
reaction or may eon^prise one or more of the react ants or 
r^taction products themselves. The reactants and reaction 
products in liquid form may be miscible with or dissolved 
10 in a solvent or liquid diluent. 

The polymeric dispersant ±& soluble in the liquid reaction 

^medium, ^but should not , signif icant^L^^ the 

viscosity of the reaction medium in a way which would be 
15 detrimental to reaction kinetics or h^at transfer. The 
solubility of the dispersant in the liquid medium under 
the reaction conditions of temperature and pressure should 
not be so great ae to deter significantly the adsorption 
of th$ dispersant molecules onto the metal particles « 

20 

The polymeric dispersant is capable of stabilising a 
colloidal suspension of particles of said Group Vl or 
VIIIB metal or metal compcxind within the liquid reaction 
medium such that the metal particles formed as a result of 

25 catalyst degradation are held in suspension in the liquid 
reaction medium and are discharged from the reactor along 
with the liquid for reclamation and optionally for re-use 
in making further quantities of catalyst. The metal 
particles are normally of colloidal dimensions ^ e.g. in 

30 the range 5 - 100 nm average particle sifise although larger 
particles may form in some cases. Poortions o£ the 
polymeric dispersant are adsorbed onto the surface of the 
metal particles whilst the remainder of the dispersant 
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■molecules remain at least partially solvated by the liquid 
n^^ction medium and in this way the dispersed Group VI or 
VIIIB metal particles are stabilised against settling on 
the wall & -of the reactor or in reactor dead spac&s ^d 
5 against forming agglomerates of metal particles which may 
grow by collision of particles and eventually coagulate* 
Some agglomeration of particles may occur even in the 
presence of a suitable dispersant but when the dispersant 
type and concentration is optimised then such 
10 agglomeration should be at a relatively low level and the 
agglomierates may form only loosely so that they may be 
broken up and the particles redispersed by agitation. 



The polymeric dispersant may "^'indlude ' homopolytnerB or 
15 copolymers including polymers such as graft copolymers and 
star polymers. 

Preferablyj the polymeric dispersant has sufficiently 
acidic or basic functionality to substantially stabilise 
20 the colloidal suspension of said Group VI or VIIIB metal 
or metal compound* 

By Substantially stabilise ±& meant that the precipitation 
of the Group VI or Vxiib metal from the solution phase is 
2B substantially avoided. 

Particularly preferred dispersants for this purpose 
include acidic or basic polymers including oarboxylic 
acids, sulphonic acids / amines and amides such as 
30 polyacrylates or heterocyclei particularly nitrogen 
heterocycle, substituted polyvinyl polymers such as 
polyvinyl pyrrolidone or copolymers of the aforesaid- 



|Qj095:q|iiii;ilie^^ 
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Exanples of such polymer-ic dispersants may be selected 
from polyvinylpyrrol idone , polyacrylamide , 

polyacrylonitril©, polyethylenimine, polyglyain^, 

polyacrylie acid, polymethacrylio acid, poly {3- 
5 hydroxybutyiric?scid) , poly-L-leucine, poly-L-m^thionine, 
poly-L-proline, poly-li-serine, poly-L- tyrosine, 

poly {viiaylbenzenesulphonic acid) and poly (vinylsulpbonic 
acid) . 

10 Preferably, the polymeric dispersant incorporates aeidier 
or b^isic moieties either pendant or within the polymer 
backbone. Preferably, the acidic moieties have a 
dissociation constant (pK^) of le^s than 6-0, more 
preferably, less than 5 ♦Or most preferably less than 4-5- 

is Preferably, the basic moieties have ® base dissociation 
constant (pKb) being of than €.0, more preferably 

l6sB than 5.0 and most preferably less than 4-5, pKa and 
pKb being measured in dilute aqueous solution at 25**C, 

20 Sfuitable polymeric disperaants, in addition to being 
soluble in the reaction medium at reaction conditions, 
contain at least one acidic or basic moiety, either within 
the polymer backbone or as a pendant group i. We have found 
that polymers incorporating acid and amide moieties such 

25 as polyvinylpyrollidone (PVP) and polyaorylatea such as 
polyacrylie acid (PAA) are particularly suitable. The 
molecular weight of the polymer which is suitable for use 
in the invention depends upon the nature of the reaction 
medium and the solubility of the polymer therein. We have 

30 found that normally the average molecular weight is less 
than 100,000. Pxref erahly, the average molecular weight is 
in the range 1,000 - 300,000, more preferably, 5,000 - 
100,000, most preferably^ 10,000 - 40,000 e*g. Mw is 
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preferably in the range 10,000 - 80/ 000, moxre preferably 
20^000 - 60,000 when PVP is used and of the order o£ 1,000 
" 10,000 in the case a£ PMl. 



5 Tha effective Gcneentration of the dispersant within the 
reaction medium should be determined for each 
reaction/catalyst system which is to be used. 

tfhe dispersed Group VI or VI I IB metal may be recovered 
10 from the liquid stream removed from the reactor e»g. by 
filtration and then either disposed .of or processed for 
re-use as a catalyst or other applications. In a 
continuous process the liquid stream may be circulated 
through an external heat- exchanger and in such cases it 
15 may be convenient to locate filters for the palladium 
particles in these circulation apparatus. 

Preferably, the polymers metal mass ratio in g/g is between 
1:1 and 1000:1/ more preferably, between 1:1 and 400:1, 
20 most preferably, between 1?1 and 200:1. Preferably, the 
polymer: metal mass r^tio in g/g is up to lOOO, more 
preferably, up to 400, most prefe^rably, up to 200. 

According to a further aspect there is provided a reaction 
25 medium comprising one or more reactants, and a catalyst 
system comprising, or obtainable by combining, at least a 
Group VIB or VIIIB metal or metal compound, a bidentate 
phosphine, arsine, or stibine ligand, and an acid, as 
defined herein, wherein said ligand is present in at least 
30 a 2:1 molar excess compared to said metal or said metal in 
said metal compcaund, and that said acid is present in at 
least a 2:1 molar excess compared to said ligand. 
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Preferably, said reaction medium is a lic[uid-phase 
reaction medium, mors prsfcsrably a liquid- phase 
continuouB-syBtem reaction system. 

Preferably r within said reaction medium, the amount of 
5 free acid present in the medium, that is acid which is not 
-di-rectiy~<3ombined with -the phoephine ligand, ia greater 
than SOOppm, more preferably greater than lOOOppm, moat 
preferably greater than 2000ppm. 

According to a further aspect the invention provides a 
10 proce@3 for preparing the catalyst systems of the 

invention comprising combining components a) i b) and c) as 

defined herein, preferably in the aforementioned ratios. 
_ Aaci:>rdincr_t,Q a vet f u rther aspe ct the present invent ion 

provides the use of a. system conprising, or obtainable by 
15 combining : 

a} ^ metal of Group VIB or Group VII IB or a compound 
thereof J 

b) a bidentate phosphine* arsine, or stibine ligandj. 
preferably a bidentate phosphine ligandj and 

20 o) an acid, 

wherein said ligand is present in at least a 2il molar 
excess compared to said metal or said metal in said metal 
compound, and that said acid is present in at least a 2:1 
molar excess compared to said ligand, as a catalyst in the 

2S ca:cbonylation of an ethylenically unsaturated compound, 
preferably the liquid- phase carbonylation of an 
ethylenically xinsaturated cotnpound, more preferably th* 
liquid-phase continuous- ayetem carbpnylation of an 
ethylenically unsaturated compound, 

30 

For the avoidance of any doubt , each and every feature 
described hereinbefore is eigually applioable to any ox all 
of the various aspects of the present invention as set out 
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aupra.i iinlei^)^ such features are incompatible with the 
particular aspect are mutually exclusive. 

All docuttttoits mentioned herein are incorporated by 
5 reference thereto* 

The fallowing examples further illuetrate the present 
invention. These ex:atnples are to be viewed as being 
illustrative of specific materials falling within the 
10 broader disclosure presented above and are not to be 
viewed as limiting the broader disclosure in any way. 

Example 1 

Preparation of 1,2 bjg {diadamantylphosphinomethyH benzene 

15 




1^2 bis(diBdamaniiylph08phinomdthyr} benzene 

(Method 1) 

The preparation of this ligand was carried out as follows. 
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1«1 £>rGparatlon o£ (1- Ad) 2^(0} CI 

Phosphorous trichloride (83 cm^, 0.98 mol) was acSded 
5 rapidly via cannula to a combinatioa o£ aluminium chloarlde 
1 12 5_..0 . ...g f ' 0.19 tnol ) ^aT^-d. . adamantane f 2 7^.2 g , 0.20 mol ) 
affording a tan suspension. Th© reaction was heated to 
reflux. After 10 mins, a yellow -orange suspension was 
formed, the reaction was refluxed for a total of e h. The 
10 excess PCI3 wa^ reinoved ^ by distillation at atmospheric 
pressure (BP 75 *'C) • On cooling to ambient temperature/ an 
ox-ange solid was formed. Chloroform (2S0 cm^) was added 

.ici.elding_.an .orange suspension, which was cooled to 0 **c. 

Water (ISO cm^) waa( added slowly: initially the suspension 
15 visoQslty increased, tout on full addition of water the 
viscosity lessened. From this point the reaction was no 
longer kept under an atmosphere of Ar. The suspension was 
Buchner filtered to remove the yellovf- orange solid 
impurity. The filtrate consisted of a two phase system • 
20 The lower phase was separated using a i^eparating funnel, 
dried over MgSOa and Buchner filtered- The volatile^ were 
removed via rotary evaporation, drying finally in^-srucua, 
affording an off-white powder. Yield 35.0 g, SiSi %. ^^P 
NMR: B « 85 ppm^ 99 % pure* PW « 352.65, 

2S 

1,2 Preparation of (l-Ad>£PH 

XiIAIHa <2.54 g^ 67.0 mtnol) was added over 90 minutes to a 
chilled (-10 solution of (1-ftd) aP (O) CI (10,00 g, 28.3 

30 mmol) in THP. (120 cm^) . The reaction was allowed to warm 
to ambient temperature then stirred for 20 h- The grey 
suspenaion was cooled to -10 "^G. uci (aq. , S cm^ c, HCl in 
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50 cm^ degapeed water) was added slowly via syringe 
(initially very slowly due to exctherm of reaction) , 
yielding a two phase system, with some solid material in 
the lower phase. Further HCl (» 5 cm' c. HCl) was added to 

5 improve the separation of the layers. The upper phase was 
removed via flat ended cannula, dried over MgSO* and 
filtered via cannula. The volatiles were removed in-vaaua 
affording the product as a white powder, isolated in the 
gXovebox. Yield 6.00 g. 70 '^'p PP"*' * 

10 pure. PW = 302.44. 



1.3 Preparafcioa of (l-JWd}aPCl 

^A'sdlWiOn of"AdiKi~flO'/5~9;"3^-7 itiraol) -and DBU -(6.12 cm', 

IS 40.9 iranol) in toluene (250 em'> was chilled to -10 "c. 
Phosgene solution (30,0 cm?, SS.7 mmol, was added slowly 
via cannula, transferring via a. measuring cylinder. This 
afforded a highly viscous pale yellow suspension. 
Additional toluene <100 era') was added via cannula to 
20 lessen the viscosity and ease the stirring. The reaction 
W31S filtered via cannula affording a yellow filtrate. The 
residua was washed with additional toluene (2 x 100 cm') 
and the washings combined with the original filtrate. The 
volatiles were removed in-yacua affording a pale yellow 
3S solids which wag washed with pentane (2 sc 30 cm*, washings 
practically colourless) . The product was dried in-vacuo 
and isolated in the glovetaox as a lemon yellow powder. 
Yield 7,S4 g, 67 %. NMR: 5 = 139 ppm, 99+ % pure. PW » 

336.88. 

30 

3L.4 Preparation of 1, 2 -t>ts (di-l- 

adamantylphosphlnametHyl} bexLs^ne 
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1.4.1 I»3r©paratioa of Di-iSODlO-ORTHO-SnriiBzrai (DXSOD) 

Bu"Ij± (2*5 M in hexanes, 11-28 cm^^ 28.2 mmol) was added 
5 daropwise via syringe over 15 miniates to a stirred 
suspension of NaOBu'' (crugtied, 2,71 28.2 mmol) , o- 

xylene (1-15 cm^, 9.4 mmol) and N,Nr,N',N' - tetramethyl 
ethylene diamine (TMEDA) (4-2S am^r 28,2 mtnoX) in heptane 
(100 cm?)- The reaction was heated at 60 for 2 h, then 
10 allowed to cool / settle, affording ^ bright orange solid 
(DISOD) and pale yellow solution. The solution was removed 
via cannula filtration and the aolia washed with 
additional -heptane-. (50. cirt'j^.and, dried in- vacuo* ^ SQ_.% yield 
assumed f 8.47 mmol * 

15 

1.4.2 Reaction o£ PX-SODIO-^OHTHO-XYI-SNE with 3 equlv (1- 
Ad}3pCl 

A suspension of DISOD (8.47 tmnol) in BZ^O (100 cm^} was 
20 prepared at -78 °C. A suspension of AdaPCl (5*70 16-9 
mtnol) in EtaO (12 0 cm') was stirred rapidly at -78 *C and 
added via wide -bore cannula to the DXSOD suspension. The 
reaction was allowed to warm to ambient temperature and 
stirred for 18 h^ affording a pale yellow turbid solution - 
25 Water (degassed, 100 cm added via cannula affording a 
two phase system, with a great deal of white solid present 
(product) due to the low solubility of this material- The 
uppe:r phase (BtaO) was removed via cannula. The solid in 
the aqueous phase w^.s extracted using die hi orome thane (200 
30 em^) , forming two clear phases. The lower pha^e {CH2CI3) 
•w^-s removed via cannula and conibined with the original 
BtaO phase • The volatiles were removed in- vacuo yielding a 
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Slightly sticky solid. The solid was washed with pentan© 
(200 cm^) with attrition being performed, the washings 
being removed via cannula filtration. The white solid was 
dried in -vacuo and isolated in the glovebox as a friable 
5 white powder. Yield 3.5 g, 59 %. PW ^ 707.01, 

^^P I^HllWR data ?- 5 24 ppm* 

NMR data i- (400 MHs, CDCla, 296 K) S 7.59-7. SO {m, 2H, 
XO Ar-ff) , 7-09-6,99 (m, 2H, Ar-H) , 3-01 (d, 4H, ^J^h 3-2 Hz, 
CHa), 2.07-1-57 (m, 60H, CioHis) Ppm. 

^^G f^Hl KMR data ;- (100 MHa, CDCla, 298 K) S 139.4 (dd, Jpc 
= 10.7 HZ, Jpc =2.3 Ha:, Ar-C) . 131.0 (d, Jpc = 16-S Hz, 
15 Ar-^C) , 125.0 (b, Ar-C), 41.1 (d, ^Jpc 10.7 HZ, Ad-C^) , 
37.2 <s, Ad-C?*), (d. *Jpc = 32-9 Hz, Ad-C^) , 28.8 {d, 

^iJpc = 7.6 HZ, Ad-C^), 22.0 fdd, ^Jpc = 22.9 H2S, *Jpc = 3.1 
Hz, CHa) . 

20 Example 2 

Preparation of 1>2 bis (diadamantylphogphinomethvl) bengene 
(method 2} 

2.1 Di-l-adamantyl piaofiiphinlc chloride wafi prepared in 
25 accordance with the method q£ Example l.l. 

2.2 Di-l-adamantyl pboephlne waa prepared in accordance 
with the method of Bxarnple 1-2, 

30 2.3 (Di-l-adamantyl plxoaphine) tribydiro boxom, Borane 
(TMF) adduce (10 cm^, lOmmol) was added to stirred 
solution of di-l-adatnantyl phosphide (1.3Sg, 4.5Tmnol) in 
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THP OOcm^) V Stirring for a further 5hrs affoirded a 
slightly turbid solution. The volatiles were then removed 
in-vacuo to yield the product as a pure white solid. 

Yields l-39g, 9S%, 99% pure. FW: 315-25, ^^-p NMR: 5 4lppm 
S (d« JpB 64 Hz) . 

2.4 SyttfclieaiB o£ 1,2 bis (dl-1- 

adaznantylphcii&pliorCborane) methyl) benzene vj^a deprotonatlon 
with '^**'Bulii and reaction with. a« dicbloro o -xylene. To a 
10 stirred, cooled (-78*) THP solution (60cm^) of di-1- 
adamantyl phosphine trihydroboron (Bg, 15 , Siranol ) , was 
slowly added £via syringe) "'=BuLi (12 .3cm^, 16 . emmol) ^ upon 
f ull " 'addition — the — solution- had - a tiotieeable yellow 
colouration. The solution was stirred for 30 minutes at 
15 -78° and then allowed to warm to room temperature and stir 
for a further 120 minutes. The solution was than cooled to 
-7$** and a THP solution (aocm^) of aot dichloro o-xyl^ue 
w^3 added via cannula. The solution was than allowed to 
warm to room temperature and stirred for 15 hrs. The 
20 -volatiles where then removed in-vaouo. No further work up 
was required as Licl ^nd exceaa organic^ are removed 
during the deprotection procedure .Yields 100% 85% pure. 
{^H} NMR (CDCla,298K) 8 (d, br) 41 ppm- 
{^H} NMR a -43 ppm {d, Jbp 44 Hz) 
25 WWR (CDCla, 298K) 5 7.8-7,50 ppm (m,br Ar-H) , 5 

7 •49-7*00 ppm (m, br Ar-^H) , S 3.3 ppm (d, CHa) , S 
13.2-1.2 ppm (m, CioHas) 



31j 



3,5 Syttthesla l,2-b±fii{d[i- 
adaxnantylphoephinomethyl) benzene via deprotection of 1,2 
bis (di-adamantylphosphor (bo?rane ) ttietbyl) beaaene with 
HBP4-0(ME)a. 
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Tetrafluoroboric acid dimethyl ether complex (5 
equivalents, l2*5ramols, i.scm^) was added slowly vie^ 
syringe to a cooled tO*'c) stirred solution of 1,2 bis (di- 
S adaxnantylphosphor^borane) methyl benzene (70 cm^ 

dichloromethane) . The solution was stirred at O^c for 1 
hour and then allowed to warm to ambient tfentperature and 
stir for a further 12 hours. The reaction mixture was then 
added to a cooled (O^c) saturated solution (degasaed) 

10 NaHCOs solution (5* excess NaHCO^) and stirred vigorously 
for BO minutes. The orc^anic pha&e was then e:£tracted with 
2*30 cift^ portions of diethyl ether, and added to the DCM 
extract. The organic layers were then washed with 2 x 30 
cm* portions of degassed water and dried over MgS04. The 

IS volatiles were then removed in vacuo « 

Cr] KMR:8 26.4 ppm (s) . 

3SnyiR (CDCI3, 298K) 5 7*54 ppm (q, Ar-H, Jhm 3.4 Hz), 7.0 
20 ppm (q, Ar-H, Jhk 3.4 Ha), 3.0 ppm (d, br CKa) l.S-3.1 ppm 
(m*br CiqHxs) - 

Example 3 

Preparation of 1,2 bis (di-3,5- 

25 dimethyladataantylphosphinQmethyl) benzene (mebhod 2) 
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1,24}i5(dm'<3,6-ctiinethyl-adamanty}) ph^hbiomslhyl) benzene 

3.1 Di-1> O^S-dinetfayladainaiRbyl) pTaoaph±axts chloride was 

prepared in accordance with the method of Example 2.i 
5 except using 1,3 dimethyl adamant ane 21.7g (0.132 raol) 
instead of adamantane, and AICI3 <18.Sgg, o.l4 tool). 
Yield 23. 5g PW: 409. Oa.. '^P NMR: S: 87ppm <s) . 

3.2 D±-.l- (3,5-d±methyladaiaantyl> phosphine was prepared 
10 as per Exatnple 2.2 above except using 25.0 g Di-l-(3^5- 

dimethyladaTnantyl) phosphinic chloride instead of di-1- 
adainantyl phosphonic chloride Yield is.7 g pwr 358. sa.. 
'"^P NMRs 8: IS.Vppm (a). 



15 



20 



3.3 Dl-l-(3,$-dimethyladaiaaiityl) pfaosphiao} fcrihydaro 
boron was prepared as per Example 2.3 above except using 
10.0 g 0i-l-(3,5-dimethyladamantylJ phosphine instead of 
di-l-adaniantyl phosphine. Yield S.s g "p NMRt &t 40.5ppm 



(hr) . 
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(33QrBxie)trtetbyl) beiuseM via deprotonatioai with ^*^BuLi and 
reaction vlth aa dlchloro o^-'xylene was prepared m& per 
Example 2.4 above except using equlmolar atnounts of dl- 
5 3,5-dim6thyl adamantyl phoBphine trihydrdboron Instead of 
di - 1 - adamant yl ph osphine t r ihydr obor on . 

3«fi Synthe0ia o£ 1,2 bis (di-3,5- 

diioetJbyladaiiiantiylphoaphinomebhyl) benzene via deprefceetion 
10 o£ 1^2 blB (di^a^S^diKiebbyladazftSC&tyl 

pbQspbor(faorane) methyl) benssene with HBF4'0(»B}j wa@ 

prepared as per 1,2 bis (di-l-adaniantylphoaphinomethyl) 
benzene (Exainple above except by uslzH^ ecjuimolar 

amounts of i72 ~^ bis{di-3,5- 

IS diinetiayadaniantylphosphor(boraue) methyl) benssene instead of 
1 4 2 bis (di -adamantylphosphor (borane) methyl ) benaene - 

Example 4 

Preparation of 1>2 bis (di-5-tert- 

20 butyladamantylphosphlnomethvl) benzene {method 2 ) 



/ 
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1,2-bls(d|.1-(5-tert-bmyl-adamaniyl} phasphhorneihyl) iMitaAm 

4,1 »i-l-(5-tejrt;rbutyladaiiitotyl) phospliinic chloride was 
prepared as per Di-i-adamantyl phosphinie chloride above 
S except using tert-butyladamatttane 25.3 7g (0.132 raol) 
instead of adatiusmtane, and AlClg (IB.Sgg, 0.14 mol) , 
Yield 22,.6g PWr 464. &8., ^=^P KlWR: 5: 87ppm ^s} . 



4.2.1 »i-l-{5-fee^t-butsyladamantyl> phospniae was 

10 prepared as per Di-l-adatnantyl phospbine above except 
using 13,5 g Di-1- (S-tert-butyladamantyl) phosphinie 
chloride instead of di-l-adamantyl phosphinie chloride. 
Yield 3.4 9 PW: 414. 4fl.. ^^E» tMR, g. ie.S2ppm (fl) . 

15 4.2.2 D±-l-(5-tert-butyladaB,ai»trjrl) phoepbine) trihydsr* 
boron was prepared as per Dl-i^adatnantyl phosphine above 
^«ccept using 10. o g Di-l- (S-tert-butyladamantylJ phosphine 
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instead of dx-l-adamantyl phosphine. Yield 9,S 9 P 
NKRi Si 41.6ppm (br) • 

4.2.3 SynthA&lB c£ lj2 bis (di-B-tert- 

5 btityladdzn£tzLty IplijQ sphor {borane } methyl } benaene via 

deprotozLation witli ^^BuXii and reaction witb aa dicbloro o~ 
xyleae was px^epared as per 1^2 bis (di-1- 
adamatifcylphosphor (box'ane) methyl } benzene abcave except 
u&in^ equimolar amounts of dl-1- {B-tert-butyladamantyl) 
10 phosphine trihydroboron instead of di-l-adamantyl 
phosphine trihydroboron. 

4.3 fiyuth^ais o£ 1,2 bis (di-S-tert- 

butyladainantyll^ho^phinomethyl) benacene via deprotection of 
15 lr2 bis (di-4-td£t'-bUtyladazRaaityl phosphor (borane) me tl^l) 
bens!£tn.e vritb SBFa'OIKS}^ was prepared as per 1,2 bis (di^l- 
adamantylphosphinomethyl) beniaene above except 1,2 bis(di- 
5 - 1 ert -butyl adamantylpho^phor ( borane ) methyl ) benzene vislB 
used instead of 1,3 bi©(di- 

30 adamantylphosphor (borane) methyl) beniaene in ecfuimolar 
amounts . 

Example 5 

Preparatiog of 1,2 bia (1-adamantyl tert-butyl- 
25 phosphinomethvl) benaene (method Z) 

S.lp l-adamantylpbosphenic acid diohloride^ Thl3 
conipound was synthesised according to the method of Olah 
et al (J, Orgr. Chemp 1990, 55^ 1224-1227) , 

30 

5,2 i-adtaiantyl phoaphine. LiAlH* (3.5g, 74mmol) was added 
2 hra to a cooled aolution (O^c) of 1- 
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ftdaiuantylphoBpiioiiic acid dichloride (15g, 59 inmol) in THF 
(2S0 cm') . The reaction was then allowed to warm to 
atnbient t^mpexatute and waa stirred for 20 hrs. The grey 
suspension was then cooled (o'ic) and. HCl (75 em', IM) was 

S slowly added via syringe, to afford a two phase system 
with some solid present in the lower phase. Concentrated 
JJCI (acxn?, iiM) was then added to improve the separation 
of the two layers. The (upper) THP phase was removed via 
cannula and dried over magnesium sulphate. After 

0 filtration via cannula, the volatiles were r««ioved in- 
vacuo to afford the product. 



5*3 (1- adaniaat:yX=.ter.t^Kmtyl — pbofi^thina) _ trlhydre boron . 
nBuLl (20 em^, 32 ramol l.SM sola) was added over .1 hour to 
15 a cooled solution of l-adaniantyl phoaphine (S.Og 3 0 iranol) 
in THP (100 cm*) . The solution was allowed to warm to 
room temperature and stirred for a further 2 hours. The 
solution was reoooled to 0*»C and tert -butylchloride 
(2,78g, 30 mmol) was added and stirring continued for a 
further IS hours at room ternperature . The material was 
isolated as the borane adduct by addition of Borane (THP) 
adduot (30 cm^ 30mmol) followed by removal of the 
solvent. The material was isolated as a white solid wliioh 
was a mixture of laomera. 



20 



2S 



5.4 Samtheaia a£ 1,2 bis (1-adanantyl- best-butyl phosphor 
(borane) methyl) bensene via deprotonatlon with ""^utLi and 
reaction with w diohloro o-xylene. The synthesis was 
carried out as per 1,2 bis (di-l- 

30 adamantylphosphor (borane) methyl) benzene above except 
eguirnolar amounts of i^adamantyl- tert- 

butyl (phosphine) trihydroboron were used instead of the di- 
1-adamantyl phosphine trihydroboron. 
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biatylphoephinomethyl) bexizene via deprotection of 1*2 bxs 
(l-adamantyl-tert-butiyl phosphor (bor ana) laathyl) bansieae 
with H»»'4-0(MlB)a- As per 1,2 bis (di- 
adaTnantylphosphorinomathyl) benzene excapc using equimolar 
ainounts of li 2 bis {l-adamantyl^tert -butyl 

phosphor (borane) methyl) bensene instead of 1,2 bis) (di- 
adamantylphosphor (borane) methyl ) benzene . 

Example 6 

Prer>a rat ion of i - 2 bis (di - i-diamantanephogphlnQinet hyl ) 
benzene, Diaroantane = cong ressana 




15 



1^ bis{d{oDnsn&3sylphasphinoniethyl} benzene 



Dlamamtane. This was synthesised according to the 
method of Tamara et al* Organic? Syntheses, CV fi, 378 
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6.2 Di-I-{diaj9Aa».taAe} ]^ho0|>liiAic chloride* Prepared a,B 
per Di-l-adamantyl phosphinic chloride except using 
diamantane 20. Dg (0.106 mol) and AICI3 (16. Og^ Q.12 
mol) . Yield 25- Sg I^W: 4S€.5. . ^^P KIMR: S: BVppm (b) , 

5 

6»3 (diamaxitaue) phOi3£»hix»e * l^x-epared as per Di-1- 

adainantyl phosphine except using 25-0 g Di-1- (diamantane) 
phosphinic chloride. Yield 14.0 g FW: 406.. ^^p ISDWR: S: 
le;.5ppm (s) . 

10 

6.4 {diamazLtazLe} phoaphine} trihydro boron. Prepared 
as per Di-l-adamantyl phosphiiie trihydro boron oxcept 
using 15,0 g Oi-^l*- {diamantiana} pbosphine. Yield 14.5 g . 

NMRs S: 42appm <i>r) • 

15 

6.5 Synthesis of 1,2 bda {dlamantan© 
phosphor (boraAi$}9ciC!t:hyl) banse&e via deprotozution with 
"•^BuLi and reaction with tm dichloro o -xylene. Prepared 
as per 1,2 bis (di-l-adamantylphoephorCborane) methyl) 

20 benzene except using an eq[uiraolar amount of diamantane 
phosphine trihyd2X»borcMi instead of di-l-adamantyl 
phosphine trihydroboron* 

Synthesio of X,2 bis (diamant^anepbosphinoinetbyl} 
as benssene via deprotection o£ 1,2 bis (dla2iiaiit:ane 
(borane)aiethyl) benieene with KBF4*0(ME)a. Prepared as per 
1,2 bis (di-1- adamant ylphosphino methyl ) benaene except 
ufilpg an equimolar amount of 1,2 bie diatnantlne 
phosphor <borane) methyl) benzene instead o£ 1,2 bi3{di- 
3 0 adaftiexttylphoaphor (horane ) methyl ) benzene • 
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Bxanple 7 
benzene 




HaC. i 

l,24ns-(di-tert4n]ly1^Q8p]hiw^ 

The ptiepar^tion of this ligand was esirried out in the 
maimer discloaed in wo 99/47528 In accordance with Bxan^la 
18 . 

Exampla 8 (comparative) 

Preparation. q£ 1.3 b is (diadamantylphQatahino) prop ane 

Preparation of 1,3-bia- (di-l-adaiaantylphoaphino) propane 
3.S (2) 

a.l fr^parabioxi of (l-Ad>sPiii 

Bu"Li (2.5 M in hexanes, 42.02 cmS los.i mmol} was add^d 
dropwise Via syringe to a stirred solution of Ad^PH (lO.Ejs 
20 g, 35.0 ramol) in THP (iSO cm'). This resulted in a 
darkening of the solution to yellow and the precipitation 
of a large quantity of yellow solid, in ^ mildly 



ill -i |ifir*is!iWiitS*i '.lifM'.'i'fctiflHii 
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IS 



2a 



2S 



30 



exothermic reacticwi. The reaction was stirred at ambient 
temperature for 3 h. The volatiles were removed ia-vacuo, 
affording a very pale orange solid. The solid was washed 
with pentane (2 x 50 cm^) to remove excess Bu'^Li, resulting 
in the isolation of a white powder (washings orange) which 
was dried in -vacuo. The yield for this a tap was assumed to 
be quantitative, on the basis of previous MMR experiments. 

B,2 Reacislon o€ 1,3- daJbro mo pr opane with 2 equiv (l-Ad)aPLi 

1,3-dibroinopropane (degassed, 1.78 cm', 17.5 mmol) was 
added dropwise via syringe to a stirred suspension of 
AdaPLi (35.0 mmol, prepared as above) in THP (iso cm^) . 
Initially a yellow eolutlon was formed, then a great deal 
of white solid crashed out (product) . The volatiles were 
removed in-vaauo and dlchlorotnethane (300 cm^) eidded via 
cannula affording a turbid solution. The turbidity was 
lost on addition of water {degassed. lOO cm^"), a two phase 
system being formed. The lower phase was renioved via 
cannula filtration. The volatiles were removed in-vacuo, 
affording a white powder, which was washed with pentane 
(100 cm=), dried and isolated in the glovebox. Yield 6.45 
g. 57 %. "p NMR. o „ 24 ppm, 95+ ft pure. PW = 644. S4. 

Bxaittple 9 

Pr eparation of l,2-bis- (ditHet: hY laminoinethyl >fe^:r^«^r.^ 

n-Butyllithium (Aldrich, 2.5 molar in hexane, 24 ml, 54 
^ol) is added to a solution of 

(dimethylaminomethyl) ferrocene (Aldrieh. 13.13 g, io.69 
ml, 48.97 mmol) in diethyl ether (80 ml) under nitrogen at 
a temperature of 25*C and the reaction mixture stirred for 
4 hours. The resulting red solution is then cooled to 
approximately in a dry ice/ao^tone bath and 
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Eschenmosers salt (ICHaMMe») CAldrich, 10 54 mraol) is 
added. The reaction is allowed to warm to room 
teitperature and stirred ovexnight. 

5 The resultant solution is quenched with exoeBB aqueouE 
sodium hydz-oxide and the resulting product extracted with 
diethyl ether (3 x 80 ml) dried over anhydrous magnesium 
sulfate, filtered over celite, and volatiles removed in 
vacuo to yield the crude title compound as a light orange 

10 crystalline solid. The crude product is racryfitalliaed 
from light petrol with cooling to -17-C and the 
reerystallised product washed with cold petrol to yield 
the title compound as a light orange solid (13.2 g, 74%). 
The compound can be further purified by sublimation to 

15 give 8.S g (52%) of the title compound. Cmpt 74 'O . 

*H HMR<250 MHz; CDCI3) 1 54.23 (brd. 2H) i 4.11-4.10(t, IH) / 
4.04U, 5H); 3.43, 3.38, 3-23, 3.18 (AB rjuartet, 2H) j 
2.22(8, 6H) . 



25 



"C NMR <63 MHSS, CDCI3) iC83 . 81 70.40; €9.25; ee.B4; S7.3Sf 
45.23. 

Elemental analysis: Poundt C 53.7%; H 8.9%? N 9.5% 

Calculated: C 64.0%; H 8.1%; N 9.4% 



Example 10 

Preparation of 1 . 2 -bis- (ditertbutylnhosphlnom ethvl > ferrocene 

30 Di-tertbutylphoephina (Aldrich, 0.616 ml, 3.33 tnniDl) was 
added to a solution of i'^- 

bis{dimethylaminomBthyl) ferrocene {Example 9, D.5 g, 1.66 
mmol) in anhydrous acetic acid (100 ml) under nitrogen and 
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the resulting mixture stirred at 80"C for 72 hours* Th.e 
anhydrous acetic acid is removed in vacuo at approximately 
70*»C to yield the crude title product as an orange/yellow 
solid. The crude product is recrystallised from ethanol 
5 with cooling to -17 filtered and the filtrate washed 
with cold ethanol to yield the title cornpouad a0 a pale 
yellow solid (0.36S 44%, • 

'•H miR (250 MHz; CDCI3) : 54.4 <2H, d, J = 2Hz} / 3.95(5H, 
10 a); 3,75 (IH, t, 2Hz) 7 2.S (2H, dd, 12Hz, 2Hz) ; 2.5 £2H, 
dd^ 12Ha, 2Hz) ; 1.1 (36H^ m) - 

"C NMR (63 MHz? CDCI3) : 586.73 (d, 5,46 Hz); 70.08 (d, 
4-41 Ha); S9.4S65(s)? 63.75(s); 31.80 (d, 2Hz) ; 31.4S (d, 
15 l.SSHz); 29. ad (d, 1.88 Hs) . 

^^P NMR (101 MHz; CPCI3) J 515.00 ppm. 

Elemental analysis: Found: C:66.79%; 
20 Calculated: 0:66.93%/ H:9.€3% 

Example 11 

Preparation of l-hydroxvmethvl "2>-dlnnsthylaminomethvl 
ferrocene 

25 

n-Butyl lithium (Aldrioh, 1.6 molar in diethyl ether ^ 5.14 
ml, S*24 mmol) ia added to a solution of 1- 
dimethylaminomethyl ferrootoe (Aldrich, l.Og, 4.12imnol) in 
diethyl ether (20inL} under argon. The reaction ±b jstirred 
30 for 3 hours and develops a reddish colour. The solution 
Is then cooled in a dry ice/acetone bath, oalcined para- 
formaldehyde (0,247g, 2 times exceeie) added and the 
resultant mixture stirred overnight at room temperature. 
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The reaction Lb then quenched with water, extracted with 
dienhyl ether, dried over MgSO., and filtered over celite. 
The solvent ie removed in vacuo to yield crude title 
compound. The c:ruds product is applied to a neutral 
alumina colucnn, which is eluted with petrol /diethyl ether 
(9:1 ratio) to remove the starting material, 1- 
dimethylaminoiftethyl ferrocene. The column is then eluted 
with substantially pure ethyl acetate to elute the title 
cotfflpound- The ethyl acetate is ren«3ved in vacuo, to yield 
the title compound aa an orange oil/crystalline mass. 



MMR (250 MHS; CDGl,) 32.131 (a, S H) . 52.735 (d, 1 H. 
12.512 Hz), 63.653 (d, 1 H, 12.512 Hz). S3 . 984 (dd, 1 E, 
2.156 HZ), S4.035 (a, S H) , 84.060 (dd, 1 H, 2,13S Itz) 
15 64.071 (d, 1 H, 12.207 Ha). S4.1S4 (m, 1 H) , S4.73 (d. 1 
H, 12.207 Hz) . 

"C NMR (61 MHB/ CDCI3J 87.68S, 884.519, 870.615, 558.871, 
S6S.447x 565.369, 660.077, 358.318, 844.414 



20 



COSY 2D NMH. 

Partly obscured doublet at 4.071ppm and its coupling to 
the doublet at 4.73 ppm confirmed. 
Infrared spectra (CHCls) (c.a. O.OSg / O.airiL) 
2S 2953.8 Ota-S 3860.6 cm'S 2826.0 cm-^ 2783.4 cm'\ 1104,9 



em"* 
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Preparation of 1/ 2-bi8"' (diteartbutylphg&pbiafiQinethyl) f errocane 

Dl-tez^butylphosphine (Aldrich^ 0.54 ml^ 2.93 rnmol) is 
added to a solution of l-hydrox.ymethyl.-2- 
ditnethylaiftinomethyl ferrocene (Example 11, 0.2 9, 0-753 



ramol) in anhydrcus acetic acid {15 mlT and acatlc 
anhydride {0.753 mmol) under ar^on and the resulting 
mixture ie stirred at 80 °C for 72 hours. The anhydrous 

10 acetic acid is removed in vacuo at approximately 70 "C to 
yield the crude title product as an orange/yellow aolld. 
The crude product is recrystallised from ethanol with 
cooling to -17«C, filtered and the filtrate washed with 
cold ethanol to yield the title compooind as an orange 

IS solid 10.23 g) 

*H WMR (250 MHa; CDCl^) 64.351 (d, 2 H, 2H2) , 54,022 (s, 5 

e}x53.e27 (t, 1 H, 2 Hz), 82.858 (ddd, 2 J„HlB.a69 Ha, 

Jhp2.3,320 HSr Jhps 1.831 Hz), 52,679 (dd, 2 H, Jkk 15.869 Hz, 

20 Jkp 2.441 Hz), Si, 166 {d. 18 H, 12.817 Hz), 61.123 (d, IS 
H, 12.512 Hz} 

PTIR (Chloroform, NaCl plates) 

1104.1 era"^, 2863Gm"*, 2896.0 Cm"^, 2940.0 cm"^, 2951,8 cm*^ 



25 



P mSR tlOl MHz; CDCI3) : 515.00 ppra. 

Elemental analysis s Found: C:66.5%; H:9.6% 

Calculated: Cr6S«9%; Hs9,6% 



30 
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Preparation o£ l-hydro xvmethvl-2 
f dimethyl aminomethvl) £fez? rocene 

5 TO a stirred solution of i, 2-bis- (ditnethylaTninotnetliyl) 
ferrocene (Exan^ple 9. 0.70g, 2.32 ttraol) in diethyl ethex 
(IS etrt*) under argon is added 1.2 equivalents n-butyl 
lithium (Aldrich. l.-7SmL, l.SM in diethyl ether) and the 
mixture stirred for three hours to yield a red solution. 

10 The reaction mixture is cooled in a dry ice/acetone bath, 
calcined paraformaldehyde added in 2:1 excess, and the 
resultant mixture stirred at room temperature overnight. 
The mixture is quenched with water and extracted with 
die thyretKer.-- The- ethereal- e5^ are dried -over MgSO*, 

15 filtered over celite and the solvent removed in vacuo, to 
yield the title compound (0.7g, 2-12 mmol, 91%) as an 
orange oilw which partially crystallized on cooling. 

NMR C250 MHz; CDCI3) S 5.133 (Sv 6 H) . S 2.171 (s, 6 H) , 
20 5 2.910 (d, 1 H, 12.B17 Hz) , 8 2.998 (d, 1 K. 12.512 Hz), 
8 3.425 (d, 1 H. 12.ai7 HZ> , 8 3.812 <d, 1 H, 12,512 Hz), 
S 3.S62 (s, 5 M). 5 3.95- (d, 1 H, 12.207 Hz) (partly 
Obscured by large cp-ring peak at 8 3.962), 8 4. OSS {d, l 
S2.136 HZ), S 4.125 }d, 1 H. 6 2.136 Hz) , 5 4.747 (d, 1 
25 H, 12.207 Hz) 

"C NMR (SO MHZ; CDCI3) 344.529, S45.244, &55,798, 837, 90S, 
560.271, 567.944, 668.277, 869. 612, 684.850, 8S8.322 

30 inf^fared spectra (CDCI3 / thin film NaCl plates ) 



[!3095M&:^a:a7:Rela;:Qfeia)5i;:^ll 
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3380.5 cm-^ (br), 2955.7 cm"^ (TO), 2862.6 cm"* , 2B25.9 ctn" 
(ni), 2774.3 cm-^ (m), 1353.5 cm"* im) , 1104.9 (m) . 

1038.9 cm'^ (m), 1006.8 cm'^ (a) 

5 Elemental analysis, Foiind: Ct 62.3%? H= 7.8%; Ni 8.8% 
Calculated: C:Sl.a%; H!7.9%; M:8.S% 

Preparation pf 
10 1,2 ,3-triB- fditertbutvlphosphinome fchvl) ferrocene 

Di-tert-butylphoaphine (Aldrich, 2. 60 kiL. 13.98 mmol) and 
acetic anliydride (0.24 irtL, 2.33 mmol) is added to a 
solution ot i-hydroxytn.ethyl-2,3-bis- 

15 (dimethylaminoiaethyl) ferrocene {Example 13, o.70g, 2.12 
ramol) in acetic acid (freshly distilled from acetic 
anhydride 25 cm' ), under argon. The solution is then 
etirred at BO°C for 7 days, during which time the solution 
beeoitea a dark orange colour. The solvent is then removed 

20 in vacuo and recrystallisation effected from refluxing 
ethanol together with cooling to -17*C overnight to yield 
the title conipound (0.43 g. 0.7 nrniol, 31%) as a 
yellow/ orange powdar. 

25 *H MMR (250 MHz, CDCls) S 1.12 (dd - pseudo triplet, 36 

12,1 HZ). SI. 26 (d, 18H, 10.7 Hz) . 52.68 (d, 2 H, 17.7 
Hz), 82,95 (S. 2 H), a3.07, (m. 2 H) , 84.01 {b, 5 H) S 
4.33 (s, 2 H) 

30 InErared spectra (CHCI3 / thin film Wacl platee ) 
3.365. S QVC'-, 1470.3 cm-=^, 3357.1 cm^^ ,2862.8 cm" 
cro"'- / 2339.1 cm"* 
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Preparation of 1,2 -bis- (dlcyclohexylx>hQaphlnotnet]iy 1 ) 
ferroaene 

& 

The title compound was prepared In accordance with the 
procedure of Example 10 employing dicyclohexylphosphine 
(Strem of 48 High Street Orwell ^ Royston, United Kingdom 
SSe SQH, £Sd m^M 3.33 tnmol) , 1^2- 

10 bis {dimethylaminomethyl ) ferrocene ( 0 » 5 g, 1 • (S6 mmol ) and 
anhydrous aostic acid (100 ml). Yield 0.421 

Examipla 16 

Preparation of 1,2-bip- (di-iep-lbT4tylphQgphinomethyX) 
IS ferrocene 

The title compound was prepared in accordance with the 
procedure of Example 10 employing di-iso-butylphosphine 
(St^rem 486 mg, 3.33 mmol) , i/S- 

20 bis (dimethylaminomethyl) f eirrocene (0.5 g , 1.66 tnmol) and 
anhydrous acetic acid (100 ml). Yield 0.372 g. 

Example 17 

Preparation of 1 . 2 -big- (dicyclopejitylphosphinomethyl) 
25 ferrocene 

The title compound was prepared in accordance with the 
procedure of Example 10 employing dicyclopentylphosphine 
(Strem 566 mg, 3.33 Ttimol) , 1,2- 

30 bis (dimethylaminomethyl) feii'rQcene (0.5 g, 1,66 mmol) and 
anhydrous acetic acid {lOO ml). Yield 0.432 g. 
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Example 18 

Preparation of i,a-big- (diethylphOBphinQmetlivl) ferrocene 

The title compound was prepared in accordance with the 
5 procedure of Example 10 employing diethylphosphine {Strem 
299 mg, 3 . 33 mraol) , 1, 2-bie (dinvsthylaminomethyl) ferrocene 
(0.5 g, l.SS mmol) and anhydrous acstic acid (100 ml) - 
Yield 0.254 g. 

10 Bxample 19 

Preparation of i ^ 2 -bie (di - ieopropylphogphinom^gtltyl > 

ferrocene 



The title compound was prepared in accordance with the 
15 procedure of Example 10 employing di-i so- propyl phosphine 
(Digital Speciality Chemicals 392 mg, 3,33 mmol) r 1*2- 
his (dimethylaminomethyl} ferrocene (0.5 g , 1.66 mmol > and 
anhyd:pausi acetic acid (100 ml) . Yield 0.262 g. 

20 Bxatfiple ;ao 

Preparation of 1,2 -bis - (dime thy Xphoephinomethyl ) ferrocene 

The title compound was prepared in accordance with the 
procedure of Example 10 employing dimethylphosphine 
25 (Digital Speciality Chemicals, 206 mg, 3.33 ramol) , 1,2- 
bis (dimethylaminomethyl) ferrocene (0.5 g, 1-66 mmol) and 
anhydrous acetic acid (100 ml) . Yield 0.285 g. 



30 



Example 31 

Preparation of 1^2-bis-^ (diadamantylphosphinomethyl) ferrocene- 
hi a "methane aulphonate 
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Di-adamantylphosphine (prepared according to J.R.Goerlich, 
R.schmutzler; Phosphorus Sulphur and Silicon; 1995, 102, 
211-21S, 20. Og, 0.066 mol) was added to a solution of 1,2- 
bis (dimethylaniittOrtiethyl) ferrocene (Bxaniple 9, 10 0.033 
mol) in anhydrous acetic acid (100 ral) under nitrogen and 
the resulting mixture is stirred at 80*C for 72 hours. The 
orange yellow precipitate which forms is filtered and 
dried in vacuo at approximately 70 "C to yield the title 
compound as an orange/yellow solid. The title compound is 
insoluble in a range of organic solvents and it is 
therefore purified by conversion to the bis- 
methanesulphonate salt by addition of eaccess 
methanesulphonic acid to a raethemol alurry of the crude 
product. This resulted in complete dissolution of the 
product Bait which was then isolated by removal of thft 
methanol in vacuo followed by washing with sthsr and 
drying to give the title ooittpound as a pale yellow solid 
(14. og, 54%). 

HMR (250 MHz; CD3CN) t 54,57 {2fi. d, J = 2Hz) f 4.35 (SH, 
s); 4.27 (IH, t, 2Ha)? 3.34 {4H, br) ; 2.6 {6H, br, ) ; 2.3S- 
2.18 (ISHbr)? 2.16-2.0 (I8H, br) 1.92-1.72 (24H, br) . 

3»-p HMR (101 MHZf CDsCN) s 526.58 ppm. 

EleTOental analysis: Pound: C:64.15%,- H!7.88% Calculated: 
C:64.29%; H:7.94% 

Exampla $S 

30 Preparation of 1>2 big (di-l-ada[nantylphosp hin9methvl> 
ferrocene-bie -methane aulphonate 

The preparation of this ligand was carried out as follows: 



so 



2S 
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22^1 Preparation. o£ <l>^Ad)gP<0)Gl 

The di-l-adamaxityl phosphine chloride wae prepared in 
5 accordance with the method of Example 1 - 1 - 

22 > 2 Pareparafcion ot (l-ad)2PH 

The di-l-adamantyl phosphine was prepared in. accordance 
10 with the method o£ SIxample 1*2« 

23*3 PraparatiOE^ of (di^l- 

adainantylpho^£>hA3CMPmethvl) terrQcene-feifi^-methaiiesulphonate 

IS The title compound was prepared in accordance with the 
procedure esteiisjlified in Example 21, 

Exaniple 23 

Preparation of l, 2-bi8 (di-l- (3^ 5-dimethyladamantvl) 
20 phosphinomethyl ) f errocene-bis -methanesulphonate 

23 ■! Pi->1- (3^5^dimethyladamantyl| phosphlnic chloride 
was prepared in accordance with the method of Bxaniple 3*1. 

35 23 . 2 Pi ^1- {3 , 5 dime thy ladamantyl ) phoaphine 

was prepared in accordance with the method o£ Example 3.2. 

23 . 3 1. a-biB"- <dl-l- (3 ^ S-d±methyl- 

adamantylphoaphlxLQinethyl) ferrocene -big "metehaneattlyhonate 

30 

The title conipound waid prepared in accordance with the 
procedure exemplified in Example 21 except using di-1- 
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2 (3/ 5-dimethyl-adamantyl)phosphine (23.69 0.066 mol) 

inst^ead of di-adamsintylphosphin®. Yield 15 g. 

Example 24 

5 P3:^fepa.r'atio^^ of 1, 2-bis (S-^fcerfc-bufcyl-adamantyl) 

phoephinoffiethyl ) f erroGene-bia-inet;ha^:ieigij.3-phou^te 

24 . 1 Di"!^ ( 5 ^tert-butyladamantyl) pliQpplilrtlc plxlQyid^g 
was prepared as per Exampla 4.1 above. 

10 

24^8 Pi 1 - ( S " tert '■■butylada^ ) phoaphine 
was prepared as per Example 4.2 above, 

24.3 {4- tert-butyl-adamantyl) 

IS plio gpfaiattome bhyl) £ti>r rocene -^bi s -me thaneaulplaonafcfii 

The title compound was prepared in accordance with the 
procedure exemplified in Exatnple 21 except using di-l- (4- 
tert-butyladamant:yl)p]ti.c)sphine (27.39 g, 0,066 mol) instead 
20 of di-adamantyl phoephine* Yield 14.52 g. 

Example 25 

Preparation of 1 , 2 -bjg - ( 1 - adamantyl tert -butyl - 

phosphinomethyl ) f errocene^big ">methanesulphonate 

25 

2S«1 1-adaTOantylphciigphDnJ.c acid dichleride 

Thi© compound waa synthesised according to the method of 
Olah et al (J*. Org, Chem. 1990, SS, 1224-1227). 

30 

25*2 lN.p iif^jai*i»Ti-h y3. ahoaphine 
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LiAlH* (3.5 74 mniol) was added over 2 hours to a cooled 
solution (0"C) of 1- adamant ylphosphonlc acid di chloride 
(15 g, 59 inmol) in TEF (250 cm'') . The reaofcion was then 
allowed to warm to ambient teirsaeratuxe and was stirred for 
5 20 hours* The grey suspension was then cooled (CC) and 
HCl {75 C3m^, IM) was slowly added via syringta, to afford a 
two phaee system with some solid present in the lower 
phase. Concentrated HCl {S cm', llM) wa^ then added to 
improve the separation of the two layers. The (upper) THP 
10 phase was removed via cannula and dried over magnesium 
sulphate. After filtration via cannula, the volatiles were 
removed ia-VAC:u(^ to afford the product. 



35,3 1-adaroan tyl teirti-butvl yihoaphine 



15 



nBuLi (20 cm^, 32 mmol 1.6M soln) was added over 1 hour to 
a cooled solution of 1-adamantyl phosphine (5.0 g, 30 
nanol) in THP (100 cm*) . The solution was allowed to warm 
to room temperature and stirred for a further 2 hours. The 
20 solution was recooled to O'C and tert-tyutylchlorlde (2.79 
9, 30 ramol) was added and stirring continued for a futther 
16 hours at room temperature. The reaction mixture was 
quenched with water and the aqueous phase extracted with 
dichlorome thane (2 x. 50 ml). The organic phase was dried 
over sodium sulphate and evaporated in -vacuo to yield the 
title compound. 

M±i l,a~bis- (^l-ataaaiantyl tuaBt-l Mityl-plioaphinotefifahyl) 

ferrocene -bi a -methane aulphonafce 



25 



30 



The title compound waa prepared in accordance with the 
procedure exemplified in Example 21 except using 1- 
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adamantyl tert -butyl phosphine (14-78 g. 0.066 mol) 
instead of di-adamantyl phosphine. Yield 9.80 g. 



Example 26 

Prer^aration o£ l^S-bis- {di-l-diam^yitylp hQsphinQm^thyl) 
£errocene-bis -methanesulphonate 



26.1 Dlamant^ane 



10 This was synthesised according to the method of Tamara et 
al« Organic Syntheses, cv 6, 37a, 

26 >2 ( diaaiiajatatta) tihoaphxnic chloride 

IS Prepared as per D±-l-adamantyl phosphinic chloride of 
Example 1-1 except using diamantane 20,0 g (0.106 raol) and 
AICI3 (16,0 g, 0.12 mol). Yield 25,5 g PW: 4S6.S,. MMRJ 
5 s 87 ppm is) - 

20 26*3 Di-l" (<SLigKiinantane> phooghine 

Prepared as per Di-l-adamantyl phosphine of Example 1-2 
except using 23. 0 g pi-l- (diamantane) phosphinic chloride. 
Yield 14.0 g FW: 406.- '^P JJ3MIR: &i 16. S ppm (s) - 

25 

26,4 li 2^biB- (di-X-dlamanty^phqgphinomethyl) f e rrocene- 

The title compound was prepared in accordance with the 
30 procedure exemplified in Example 31 except using di-1- 
diamantane phosphine (36. 7S g, 0.066 mol) instead of di- 
adamantyl phosphine. Yield 12.5 g. 
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Exaniple 27 

Preparation o£ (di- Clir3^5,7-tetrattist:hyl-g,g,10- 

tri03^-2-phQapha-adamantvlmethyl) ) ferrocene 

5 1^3,5,7- tet ramet hyl - 2 , 4 , 8 - fc rioxa ~ 6 -pliospha - adamantane 

{obtained from CyteCiP 14 -Og, 0.O6S mol) wag added to a 
solution of 1, 2-bis (dimethylaminomethyl) ferrocene (Example 
9, 10 0*033 raol) in anhydrous acetic acid (lOO ml) 

, under nitrogen and the resulting mitjcture is stirred at 
10 BCC for 7^ hours. The anhydrous acetic acid i© removed in 
vacuo at approiaciTnately 70 'C to yield the crude title 
product as an orange/yellow solid. This is washed with 
hot methanol to give the product as a mixture of isomers 
as an orange solid, (12. Q g, 58%) . 

15 

NMR C250 MHz; CDCl^) : ?54.25-3,95 (8H, br, m) ; 3-46 {4H, 
br); 1.57-2.0 (SH, br, m) ; 1,43-1.23 br m) - 

^^P NMR (101 MHz; CDCI3) s 5 -27-41 (br) , -29. OX (s) , -33-9 
20 <br) ppm* 

Elemental analysiss Pounds G557.ao%; H:7.35% Calculated: 
Cs57.87%j Hs7*40% 

2S Example 28 

Preparation of l^a-bia* (dimethylaminoTnethyl) ferrocene -bis 
methyl iodide 

Methyl iodide (23.2ag, 0.164 mol) is added to a solution 
30 of 1^2 --his- ( dimethyl aminomethyl) f erropence (Example 9 , 
20g, 0.0S2 mol) in degassed methanol (100 ml), and the 
mixture etirred at room temperature under a nitrogen 
atmosphere for 24 hours. The resulting precipitate is 
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removed by filtration, vfashed with ^ttLer aixd dried to 
yield the title compound (43. Og), 

Elemental analyaiss Foimd: C:36.8%; Hj5-1%/ N,4.8% 
S CalQulateds C:37*0%/ Hs5.2%; Kr,4.a% 

NMR (DaO) ; 553,27, 353.21, S53,15, 664.68, 571-77, 
673.24, 574.13^ 874.95 

10 Bxaimple 29 

Preparation of 1,2 "-big (dihy^droxymethylphosphinorrethyl ) 
ferrocene 

Potassium hydroxide {8.52g, 0.152 mol) is added to a 

15 solution of t^trakis (hydroxymethyl) phoephonium chloride 
(Aldrich, 3a*54g of 80% w/w aqueous solutionj^ 0.162 mol) 
in degassed methanol (40 ml) , and stirred at room 
temperature under a nitrogen atmosphere for 1 hour. The 
resultant mixture is added dropwise to a degassed solution 

20 of 1, 2-bis- (dimethylaminomethyl) f errocene-bis-methyl 

iodide (Example 28^ l9.98g, 52.3 mmol) in methanol (40 ml) 
under nitrogen at room temperature with stirring. The 
resultant mixture is refluxed under nitrogen for 20 hours, 
and the solvent removed in vacuo to form a red 

2S precipitate. Water (30 ml), diethyl ether (85 ml) and 
triethylamine (35 ml} is added to the precipitate and the 
solution stirred at room temperature for l hour. The 
aqueous layer is removed and re -extracted with diethyl 
ether (2 x 30 tnl) . The combined ethereal extracts are 

30 washed with water (3 x 20 ml) dried over sodium sulphate 
and filtered. The ether is removed in vacuo to yield the 
crude title compound (14.33g, 94% yield) as a 
mlcrocryetalline orange solid. The crude product is 
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recrystallisea from a warm clicholormethane/methanol 
solution with the addition of light petroleum and cooling 
to yield the title compound (10,69g, 70% yield) yello- 
orange crystals. 

5 

Elemental analysis 5 Pound: C:4B.44%; H:4*12%; N.O»Q% 

Calculated; Cs4S.24%; Hs4.02%; 

W, 0-0% 

10 ISIMR: 51,75 (s, br> , 52.70 (dd, 2 H, J^hh 14.2 Hz, 

6.6 H&) , 52. SS (dd, 2 ^^rm 14.2 Hz, J^hp 7.9 Hz), 63.71 

(t, 1 H, Jhk 2.44 Hs}^ 53p58 (s, 5 R) , 53.98 (d, 2 Jhh 
2.40 Hz), 4.06 (m, B H} . 

IS ^H{3^i»} JS3MR: 51.75 (s, br) , 52.70 {d, 14.3 Hz), 52 . 85 {d. 
14-3 Hz), 54-04 (m, 1 H) , 54. OS (s, 8 H) , 54.08 (s, 5H) , 
54.1 {m. 2 H) 

NMR? 523.7 (d, J^c 15. € Hz), 5^3.0 {d, 15.6 Hz), 

20 566 -0 (S), 567.2 (d, J^c 9.2 Hz) , 56&.fi (b) , 582.5 (d, J^pc 
14.7 Hz) 

^^P NMR: 5-14.7 

25 Infrared spectra (CHCls / thin film MaCl plates > 

3337. S cm"'^(st^ br) , further peaks 1104 cm"^ 2929.0 cm'^, 
3603.7 cm"^ ,3683,7 cm"^. 

Example 30 

30 Preparat ion of 1. 2 -bi s (diphOBphinomethyl) ferrocene 

1 , 2 -bis (dihydroxyme thylphosphinomethyl ) f erroc?^ne (Example 
29, 5.45g, 13,70 mmol) and aodium metabi sulfite {5.21g, 
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27,4 notwil) is added to a two -phase solvent system 
consisting of distilled water (€0 ml) and light petroleum 
(60 ml) - The mixtiare is ref luxed for 3 hours in air. The 
resultant mixture is cooled stirred and the aqueous layer 
5 removed. The organic layer is washed with di&tilled water 
and the organic solvent removed in vacuo to yield the 
title compound (2.669, "70% yield} as an orange crystalline 
Bolid. 

10 Elemental analysis; Founds 0:51*65%; H;5,75% 

Calculated: C7 51.80fr« Hs5.76% 

*H NMR (250 MHz; CDCI3) J 5 2.7-2.S (m, 4H> ^ 5 3.17 {m, 
2H}, ?5 3.18 (m, 2H) . 5 4.04 (t, IH, J=2,S4 Hz). 5 4,05 (d, 
15 SH, 0^4 f 9 4*13 {d, 2H, <J»2.54 Hz} 

^^P MMR (101 MHS; CDCI3) : a 130.0 (t, Jhp 193.0 Hz) 

^^C NMR (60 MHz/ CDClj) s B 12*9, 6 65.6^ Q 67.3, 5 69.4, 5 
20 86.9 

DEFT l?MR {CDCI3) : 5 12. S (GH^) , 5 S5-6 (CH) , 5 67.3 
(CH) , 5 69.40 (5 X CH) 

25 FtIR (Chloroform, KTaCl platas) ; 2298.5 cm'^ (strong) 

Mass spectrum: Found m/zs 278.0088; Calculated m/z 
278.0077 



30 
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RKample 31 

Preparation of i. 2-bis-tt,a- (P- (2^ 2, 6, 6, - 




2yS-Dimethyl"2,5-heptadiene-4-on,e (14. Sg. 0.106 mol) is 
added to 1,2-biB- (diphosphinomethyl) ferrocene (Example 30, 

10 14. 7g, 0.053 mol) and the mixture heated to 120'»G under 
nitrogen for 20 houre. The reaction mixture is cooled, the 
crude title coTcpound removed by filtration, washed with 
pentene (20 ml) and dried in vacuo to yield the title 
compound as a yellow-orange solid (24. Sg*. 85% yield). The 

IS title confound was characterised by HMR and mass 

spectxrum. 

NMR (250 MHz; CE1CI3) : d 4 . 32 (IB, br) ; 4.08 (5H, br> ? 
4.02 (IH, br)f 3.94 <lHbr)f 2.84 (4H, br) ; 1.8-2.5 (8H, 
20 br) f 1.05-1.4 (24H, br,). 

*=^P HMR (101 WHz; CDClaJ : S 4.15 ppra. 
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Elemental analysis: Fouind: C:S4.2S%; H:7.8e% 
Calculated; Cs65.03%; K37«94% 

]B3{:ami::jlfe 32 

5 Pr eparat ion of l,2-bis-(di-l,3,5,7''t e t rame t hyl -6,9,10- 
t:rioxa-2 -phospha-adamantylTiiethYl ) ) benzene 

The preparation of this ligand was carried out in the 
manner disclosed in WO-A-03/070370 in accordance with 
10 Bxaniple 4 therein. 

Example 33 

Preparation of, methyl propanoate from ethylene > carbon 
monoxide and methanol catalysed by a compound of the 
IS present invention 

Condition 1 ratio of ligand: palladium = 5.2:1, ratio of 
acid:palladium =» 160:1 and ratio acid:ligand = 30:1 

20 Condition 2 ratio of ligand: palladium = 5,2:1, ratio of 
acid:palladiurti « 480:1 and ratio acid: ligand = 90:1 

A mecshanically stirred autoclave (Hastelloy) of 2 litre 
capacity was evacuated of air and then charged with a 

2S solution of tri(dibenayliden8acBtone)dipalladium (1.44 x 
10"^ moles) , 1, S-bis- (di-tertbutylphoaphinomethyl) 

ferrocene of Example 10, (7.61 x lO"^ moles) and methane 
sulfonic acid (2.30 x XO"* moles condition 1, 6.90 x 10^^ 
moles condition 2) in 300 ml of methyl propanoate/methanol 

30 (70 wt% methyl propanoate) . The autoclave was heated to 
100*^0 and when at that temperature, ethylene (a x lO^KTm"^) 
was added on top of the vapour pressure of the solvent© 
and ipamediately an equimolar mixture of carbon monoxide 
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and ethylene (2 3c lO^Nm-^') added to the system through a 
pzreaaure regulating valve set to 10 x 10^m-= abova the 
solvent vapour pressure. Suitably r the molar ratio of 
ethylene to carbon monoxide in the reactor is 
approximately 9 si. The teniperatiire of the reactor was 

maintained at 100 °C ^nd as the reaction proceeded 
additional carbon ttionoxide and ethylene was added <oP an 
equimolar basis) through the pressure regulating Tescom 

valve • No catalyst precipitation wa^ observed. 



Initial reaction rates measured in moles of methyl 
propanoate (MeP) per mole of palladium per hour and 
turnover measured in moles of methyl propanoate per mole 
of palladium were determined for the catalyst. This may be 
15 accomplished by an analysis of the amoiant of gas consumed 
per unit time (rate) and the total amoimt of gas consumed 
during the reaction, assuming ideal gas behaviour and 100% 
selectivity to methyl propanoate. 

20 Talile 1 shows the effect in increasing the relative acid 
concentration compared to phosphine ligand concentration 
(and metal concentration) for a batch process on both the 
raastitftum initial rate and the turnover number (TON) after 1 
hour, wherein initial reaction rates are measured in moles 

2S of methyl propanoate iMeP) per mole of palladium per hour 
and TON is measured as moles of methyl propanoate per mole 
of palladium « For both TON and maximum initial rate, 
values are significantly increased passing from condition 
1 to condition 2, i^e, when increasing both the 

30 acid; palladium and acid i ligand ratios at constant 
ligand spalladium values* 
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Table 1 





riaximum Xniti^^ 

Rat« 
(molt^i^ HeP/roole 
Pd/hx) 


Turnover Number 
a£t:er ^ hour (moles 
HeP/mele Fd> 


buizylphospliinoniebhyl) benzQne 
- condifcicm 2 






1,2-bia- (di-tert- 
butylphoErphlmmethyl) benzene 
- condition 1 


421D3 


323d7 


l,3'-bis-(di-tert- 
butyljpfajDsphlnoniethyl) bentsene 
- con<Sition 2 




€2€3S 


1,2-bis- (distort-- 
butyipi^oeptiiTiOTnethyl) benzene 
- GQnditicm X 






l,a-biB-(di-(l,3,5,7- 
tetrairuetbyl-^/ ^,10-t;rioxa-2- 
phospha- 

adamanfcylmieitJiyl) J f erroceue 
- condition 2 


5S799 


51997 


l,2-bis-(di-{3..3,5,7- 
tetrattiethyl-e, 9, lo-trloaca-a- 
ptLoapha- 

aaamancyiinetiayxi j ^eipfocene 
- SDiandard 


84^0 


4614 


l,2-biB-Qc,ce- {p- - 
tetrame'tbylphpBpJiinan-4 - 
one) Jdiniethyl ferrocene - 
co)Cidition 2 




24270 


1 , S -b±jg -a,a- ( P- (2,2,6,6, - 
te tramethy lpIwsphiaaft-4 - 
one) )diTnethylferFoeea!& - 
condition 1 




17676 


1, 2 -bis- (di- (1,3,5,7- 
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phospha- 

adamaRtylmethyl} ) benzene - 
condit:ioTi 2 




24270 


l,2-bis-{a±-{l. 3,5,7- 
tetramethyl-e , 9 i 10 -trioxa-2 - 
fihospjia- 

adamantylwethyl) ) benzene - 
condition i 


12041 


11444 


i,2-bis-<ai-(x,3,5,7- 
tetramethyl-6 , lO-trloxa-2- 
phoeplia- 

adamantiylTnethyinbeRaene - 
cozidlt;ion 2 


20177 


1^610 


adamantylphoiapMnoTnethyl } 

methan^sulpiioziate - 
condition 2 


€7509 


68141 


l,2-biB(di-l- 
adaman tiylphoepbiaometUyl ) 
£erroci<i?ne -bis- 
metbanesulphanate - 
eondition 1 


41167 





Pd{OAc)3(22Tng,0,litimol) and tlie respective phosphine ligand 
were weighed out in the inert atmosphere glove box into 

5 SOOtnli 3 -neck round bottom flasks. Qn removal, aOOmL o£ 
degassed MeOH were added and the mixtuire stirred for 1 
hour. To the solution methanesulphonic acid (640^1^ 
iDinmol) was added. The weight of the catalyst solution was 
taken. The autoclave was charged with the solution and 

10 heated to looc with stirring (3-o barg vapour pressure). 
The reaction was started by the introduction of 
CO/ethylene <1?1> gaseous mixture to the autoclave. The 
total pressure of the autoclave was controlled by a TESCOM 
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(9*B barg) . fhis resulted in a 9 si ratio of ethylene to 
CO, The temperature and pressure were maintained 3 hours 
dioring which period these values were recorded. 



s The ^asea were isolated and the unit cooled to room 
temperatwe. The depreseurised unit was emptied and .the 
final weight of the solution t^ken* 

i*igand 1 » l,2-bis<di-tert'-tJutylphosphxnotnethyl) benzene 

10 

Ligand 2 = 1, 2 -bis <di-tcsrt-butylpho9phinomethyl) ferrocene 

Ligand 3 = 1, 2-bis (caiadamantylphosphinomethyl) ferrocene 

IS Ligand 4 ^ 1,2-bis {diphospha- 

adamantylphosphinomethyl) ferrocene 

liigand S = 1,3 -bis (di- tert -butylphosphino) 2 -methyl ene- 
propane (comparative) , prepared as in WO-A-03/040153 
2D (Example l therein) . 

The results are shown, in the tables below. 

Table 2 

25 

Iiigjaiwi satio »t Gain Avg. wt: 6ain 

Pd;Llg:Acid <s) (g) 

i TTiTioo 268^65 

1 1:S:100 244,47 

i 1jS;100 SBS.Sfi 357.304 

% XiBsXOO 262.29 
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Table 3 



Ligand 


Ratio 


nt: Gain 






pdEliig:Aclci 


ig) 


(g) 


2 


IftSklOD 


302.64 




2 




306.84 




S 


1:5 sioa 


293.4 


300.9 




1:5:100 


303 .09 




2 


I'.SilOO 


29B.54 





Table 4 

Mgasid Hatio Wt gain Avg Wt Oaitt 

Pd«I.lg:Aoiii <g) <g) 

3 li 5^100 3€4.97 

3 l:5il0Q 340. IB 347^54 

3 IsSzXOO 345.15 

3 l:S:100 339.69 



Table 5 

10 



Ligand 


Karia 


Wt gain 


Avg Wt Gain 




PdrLigaAcid 


(s) 




4 


1:S&25 


126^31 




4 


IsStlOO 


165.21 




4 


1:5:100 


1B9.83 




4 


I;5s3l30 


221.61 


Av 1:5:300 


4 


Xs5:3Q0 


261, 2B 


249*67 


4 


1«5830D 


201,01 




4 


185:300 


233-99 





18-FEB-2004 155 42 FROM fiPPLEYflRD LEES 



TO 01633B14444 



P. 47 



IQ 



15 



20 







122 








Table 6 




Run KTo. 


Liigand 










(S) 




1 


5 


33.3 


1 • § s 100 


2 


5 




1 5 1 J loo 


3* 




165. 1 


1 s 1 : 4 ' 


4» 


5 




1:1 = 4 


5* 


5 


82.53 


1 2 6 « 4 



a) run at""3 x palladium cpncentration 167.3 mg i.a(OAc).} 

Par the ligand i, s-bis {di-text-butylpHosplniiio) 2-niethylene- 
prqpane (ligand 5) additional ligaixd with or without 

exce»» aeid results in a drop in catalyst performance. 

The pptiTnutn conditions of low ligand and acid, e.g. 

SOS. 3 and 4, result in the highest catalyst productivity 
uiixiar the conditions studied. Addition of excess ligand 
at high acid ratio as in Run Mo. 1 results in a 
significant drop in performance, as does addition of 
excess ligand at low acid ratios. 



The following tvro tables contain data for the ligand 1,2- 
Bis<di-fc«sii:-butylpho^phinomethyl) benzene. Thfe data was 
collected At 80C hence the rates and turnover numbers are 
lower than the data we have already included. However, 
the data shows that at constant acidrligand*" levels, an 
increase in ligand :Pd ratio provides large increases in 
initial rate and TON values- This data also used the 
preformed catalyst t {L-I-) P^Kd^a) (for details see below) 
and adds the ligand excess as the protonated salt. The 
experimental detail is provided below. 



25 
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Table 7 





Ratio 


Ratio 


Initial 


TOW after 4 




Pdtljig:Acid 




rat:e 


hours 


1 




10.9 


500Q 


12000 


1 


l<5i72 


20 


17000 


25000 


X 


ls5:X43 


37 


2Z0Q0 


30000 



» in tMe patio the '*aoid" includes both Cbe acid from th6 jprct^n^ted 
phoBphine lis^fid together with the additiPlial acid added (i.e., 
"free- acid) ?md the ligand is sia^ly tl» protonated phosphiue 
llgand. 

Table 8 



IiigaxLd 


Ratio 


Ratio 


initial 


Tcaff after 4 




?d:£.ig:A.cid 


Acid: Ligand^ 


rate 




"T" 


1:10:90 




22000 


42000 


X 


l:10sl82 


20 


33000 


52000 


X 


1:10:352 


57 


41500 


71000 



Ths number of rtoles of palladium is equal to the number of 
moled Of LaPd (dba) . 



15 The work described in tihese examples waa carried out in 2L 
aapacifcy autoclaves. In eacli test lOxng of Ii^PdCdba) 
catalyst and 32mg (4 equivalents) or 72rag (9 equivalents) 
of protonated phosphine were added to the preparation 
flask in a nitrogen purged glove box. 175niL of aaeotrope 

20 product consisting of BDsBO wt% methanol and methyl 
propanoate and i25niiL of methyl propanoate were then 
degassed and added to the flask to provide a reaction 
solution which waa close to 70wt% mfithyl piropanoate . 
After addition of the retjuireal ciuantity of 

25 methanesulphonic acid the solution was transferred to the 
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evacuated autocla-vs and heated to 80°C in v^.cuo. Diiring* 
this period and at all eubsegiient times the autoclave was 
stirred at -1000 r.p.ra. When thia temperature had been 
reached the total pressure of the system was Increased to 
5 9 b^r (from the vapour pressure baseline of -1 bar) by the 
addition of ethylene and then topped up with 2bar of 1:1 
C2H4/CO such that the total pressure was -llbar and the 
headspace C2H4/CO ratio was S;l. After this time only the 
1:1 gas was fed to the system at the rate which was 
10 required to hold the pressure within the system constant. 
Reaction rates and catalyst TONe were calculated from the 
rate of removal of gas from the feed reservoir assuming 
ideal gas behaviour and 100% selectivity for methyl 
propanoate formation. 

15 

Preparation of qL,2-biB(di-l- 

addattautylphospblnoanethyDb^nsesie palladltim (dba) 

THF (100 cm^) was added to a combination of ligand {2.05 
20 g, 2.90 mmol) and palladium dba (l.Sl g, 2*90 rmnol [Pd] ) 
affording a deep red-orange turbid solution. The reaction 
was stirred for 3 h. The reaction was filtered via 
cannula, yielding a deep red-orange filtrate and a small 
qiiantity of [Pd] residue. The volatiles were removed in- 
25 vacuo affording a deep red powdery solid. Pentane {50 cm^) 
wa^ added via cannula and attrition performed with a 
spatula/ resulting in an orange powder separating out. The 
amber pentane washings were removed via cannula 
filtration, and the solid washed with Bt2C:> at -10 {3 x 
30, 50 att?) - The resultant orange powder was dried in-'Vacuo 
and isolated in the glovebox. Yield 2,68 88 %, ^^P NMR: 
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Figure 2 
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